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INTRODUCTION 

This document was prepared as an addendum to the "Response to MDNR's 

Comments on the Hydrogeologic Assessment of the McGraw-Edison Site, 

Albion, Michigan Volume I and Volume II, dated 2/12/87. This addendum 

along with the main report dated 2/12/87 address all the issues raised 

concerning groundwater modeling from the comments of th Michigan 

Department of Natural Resources (MDNR) review, dated 9/29/86, of HART's 

"Hydrogeologic Assessment". All of MDNR's comments are addressed 

individually in the report dated 2/12/87. This document, addresses four 

main areas. First, modifications of input data are explained, followed by 

a discussion of the model calibration. The results of the sensitivity 

analysis are found in the third section of the document. Finally, a data 

documentation section completes this report, identifying the sources of 

input data to the model. 
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I INPUT DATA MODIFICATION 

I In our effort to utilize all available lithologic data to determine 

the geologic conditions at the site, all lithologic data was reviewed and 

I a discussion of the data is found as Appendix A of the "Response to MDNR's 

' Comments" (2/12/87). The clay confining unit was then redefined, and a 

, new clay isopach and a clay surface map was made. These maps have been 

j included in the "Response to MDNR's Comments" (2/12/87). Details about 

these data sets can be found in the Data Documentation section. 

The scale that was represented on the model in Volume II of the 

: Hydrogeologic Assessment was off the true scale by 20 percent. This 

problem has now been corrected and the revised grid map indicating 

i boundary conditions in the shallow and deep aquifers can be found on 

1 Figure 1. 

In order to verify the new recharge rate of 11 inches per year, 

historical precipitation records were obtained for the last two years at 

Albion. Evaporation records from the nearest station to Albion at East 

Lansing were obtained. The available water for recharge to the subsurface 

area was calculated. Assumptions were drawn as to the description of area 

(i.e, residential, industrial etc.) in order to estimate runoff 

coefficients. Calculations indicated recharge values of approximately 11 

inches per year. 

Determination of the vertical hydraulic conductivity (VCONT) values 

was performed with two different methods as suggested by the Modular Model 

Manual (McDonald, and Harbaugh, 1984). In well defined areas of the grid 
1 

where the lithology was known, the VCONT was determined by dividing the 

! hydraulic conductivity of the clay layer by its thickness. An average 

conductivity value of 4.08 x 10"'^ ft/day was used (DuBose, 1981). VCONT 

for this model takes on the units of 1/days (Spinks, 1984). In order to 

simplify the model, a range of thickness was utilized for the various 

VCONT values (Table 1). The same hydraulic conductivity measurement of 
' 4 

4.08 X 10 ft/day was utilized for all values. One area of limited 
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Thickness (feet) 

1-2 

3-7 

8-11 

12-17 

18-23 

24-28 

29-32 

33-36 

>36 

TABLE 1 

DETERMINATION QF VCONT VALUES 

VCONT Value (1/davs) 

0.0002 

0.000082 

0.000034 

0.000027 

0.00002 

0.000016 

0.000014 

0.000011 

0.00001 
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data north-northwest of the site used the same thickness of 5 feet based 

on values from the boring of H-9S/D. The area to the southwest and west 

of the site was given the same thickness of 13 feet based on the averaging 

of values from wells H-IOS and H-llS. 

VCONT values in the window area were calculated using a different 

method than mentioned above. The following equation was used to calculate 

VCONT values 1n the window area for the transient runs: 

VCONTi.j.k + 1/2 - KVi,j,k + 1/2/ DELVi.j.k + 1/2 

Where: KVi.j.k + 1/2 « Vertical hydraulic conductivity between node 

(i,j,k) and (i,j,k+l); 

DELV » Distance between nodes (i.j.k) and (i,j,k+l). 

Assuming: 

• The saturated thickness of Layer 1 is 10 feet on the average. 

" Thickness of layer 2 is 300 feet. 

* The conductivities in the two aquifers are the same (due to the 
minor effect of the conductivity in layer 1). 

VCONT of window - 70 ft/dav + 70 ft/dav / 300 ft + 10 ft 

2 2 

- 70ft/dav 

155 ft " .45/day 

During calibration of the model when various hydraulic conductivities 

were tested, the VCONT value for the window areas was also changed 

accordingly. 

(OSlOn) 
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MODEL CALIBRATION 

The goal of model calibration was to approximate In the model, 

measurements which were gathered In the field. The techniques and 

procedures used In model calibration and discussed in detail in the 

"Hydrogeologic Assessment: Volume II" (HART. 6/27/86). This section 

discusses the adjustment of the various Input parameters, and the ranges 

and sensitivities of the parameters in producing final model calibrations 

for steady state and transient conditions. 

More than 100 model runs were performed to complete the steady-state 

and transient calibrations. The Input parameters subject to adjustment 

were hydraulic conductivity, storativity, specific yield, boundary 

conditions, number of time steps and VCONT values. As mentioned in the 

previous section on Input Data Modification the new calibrations utilized 

the new data sets for top and bottom of the clay, recharge valves and 

scale. 

In the steady-state calibration a range of hydraulic conductivities 

was run for both the shallow and the deep aquifer. Conductivities ranged 

from 10 to 200 ft/day and from 10 to 300 ft/day in the shallow and deep 

aquifers respectively. Boundaries conditions in the deep aquifer were 

changed to variable head. The constant head boundaries was the best 

approximation of the conditions measured in the field. The initial heads 

for steady-state conditions for the shallow aquifer are included as Figure 

2. The steady-state calibrated heads for the shallow aquifer from the 

model have been contoured and are Included as Figure 3. The initial heads 

for the deep aquifer and the calibrated steady-state heads are shown on 

Figures 4 and 5 respectively. 

The calibrated steady state heads shown in Figures 3 and 5 were 

incorporated into the transient calibration as the starting heads. 

Numerous transient model runs were made varying the hydraulic conductivity, 

storativity, specific yield, and boundary conditions. In the transient 

calibration the storativity was varied from 0.0002 to 0.003 and the 

(0510n) 
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specific yield ranged from 0.20 to 0.25. these parameters were found to 

have a minor effect on the model results. Model results were more 

,sensitive to the changes In the hydraulU condyct^v^ty Kh^ch ranged from 

•30 to 80 ft/day 1n the shallow aquifer and 10 to 200 ft/day In the deep 

aquifer. 

Final parameters were chosen for the transient calibrations which are 

represented In the pumping Scenarios 1 and 2 In model output files R140 

and R141 respectively. Pumping Scenario 1 depicts the Fire well pumping 

2000 gpm, Clark Street well pumping 1100 gpm and the Brooks Foundry well 

pumping 320 gpm. The output for the deep aquifer under this scenario, Is 

Included as Figure 6. Scenario 1 approximates the actual pumping 

conditions at the site as shown on Figure 7. Pumping Scenario 1 agrees 

with the field observation that the retraction of the groundwater 

contaminant plume Is occurring under those pumping conditions. The field 

observations contoured on Figure 7 also Indicates that a groundwater 

divide Is being maintained that separates the Fire well and the Clark 

Street well. 

Pumping Scenario 2, shown as Figure 8 is a predictive scenario which 

indicates increased gradients toward the Fire well. The position of the 

groundwater divide does not change appreciably from Scenario 1, and the 

contaminant plume Is still well within reach of the Fire well plume 

retraction system. 

At the end of the last time step 1n all steady-state transient, and 

pumping runs, the budget discrepancy was 0.001. At the end of the 

steady-state calibration and the transient calibration there are 

approximately 5-8% dry nodes In the shallow aquifer, out of 1505 nodes. 

Close analysis of these nodes indicate some areas where the top of the 

confining clay layer 1s higher than the water table surface of the 

shallow aquifer. Some of these dry nodes also occur In areas where there 

Is a window In the clay layer. Limitations on the use of VCONT are noted 

In the program manual (McDonald and Harbaugh, 1984). The problem which we 

have occurs during a multilayer simulation of a single aquifer In which a 

well causes drawdown below the top model layer, causing some cells to 



n j c n i - ^ i - ^ i - ^ r o r o t j j ( j j i j j j i . 4 ^ a i t J i c n 'cn cn -^ ~~j -~j as CD ua 
C 3 C 3 C D J : ^ a 3 r O < D C 5 * » . C D r O C n C 3 J a k C D r 0 0 1 C 3 J S . . C D r O C 7 ) C 3 
C 3 0 C J C 3 C 3 C 3 0 C 3 C 3 C 3 C J O C 3 C 3 C D C D C D C 3 0 C 3 C 3 C 3 0 

C 3 C 3 < Z J O C 3 C D C 3 0 C 3 C 3 C 3 C 3 C 3 C S C 3 C 3 C 3 0 < : 3 C D C 3 n —I I I . i i l l l l l l l l l l 1 1 I I 1 I 1 ' lU 

'Ai '̂-^Wdll c*bcJpio Co to 

liiii'lliiii 

40 
4O 

<? 

oEO 

- ^ 9 

0 * 3 
i r se 
• n o : 
0 0 0 
e o 9 

05 o 

ar 

n I 
- la r 

400 

BOO 

1200 

1600 

2000 

2400 

2800 

3200 

3600 

•14000 

4400 

•14800 

5200 

^5600 

6000 

6400 

6800 

7200 

7600 

8000 

•8400 

8800 

9200 

9600 

10000 

10400 

10800 

llEOO 

ni600 

12000 

12400 

12800 

13200 

13600 

14000 

14400 

14800 

15200 

15600 





n j c n i - ^ » - ^ i - * - r o r o c o c o o u j ^ x ^ u i c j i c n c j i c n ~ j - ~ ^ ~ - j c D a Q U D 
o c 3 o j : > . C D r v ) c n o j ^ a } r o c T ) o j ^ a ) r u c n c 3 j ~ > . c D r v j c 7 > o 
C 3 C J C 3 0 C 3 C 3 0 0 C 3 O 0 C 3 0 0 C 3 O C 3 C D C 3 C 3 C 3 C 3 O 

O O O C 3 O O C 3 O O O C 3 C 3 C 3 O C 5 O C 3 C 3 O < 0 C 3 

400 

800 

1200 

1600 

2000 



I -15-

convert to no-flow cells sooner than they should. This has been a common 

problem when utilizing the USGS Modular Three-Dimensional 

Finite-Difference Groundwater Flow Model (Bugliosi 1987). 

(OSlOn) 
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SENSITIVITY ANALYSIS 

Sensitivity analysis showed that by far hydraulic conductivity was the 

most sensitive Input parameter. Hydraulic conductivity was adjusted for 

steady-state, transient, and pumping calibrations. The final conductivity 

value for the shallow aquifer in calibrated pumping runs was 30 ft/day, at 

the low end of the 30 to 80 ft/day range indicated during the transient 

calibrations. The final conductivity values used in the deep aquifer 

ranged from 20 to 90 ft/day, again, at the low end of the 10 to 200 ft/day 

range indicated during the transient calibrations. 

Sensitivity analyses indicated that boundary conditions are somewhat 

sensitive parameters. The optimal boundary conditions were achieved with 

constant head boundaries, for both layers, validating the initial 

assumption by MDNR, HART and Pinder of westerly flow in the deep aquifer 

parallel to the river at the river boundary. Model runs with variable 

head boundaries in Layer 2 at the river Indicated that the cone of 

depression could reach further out than the cone predicted by constant 

head boundaries. Therefore utilizing constant head boundaries along the 

river provides us with a more conservative estimate of the extent of the 

capture zone. Actual gradients measured in the field during pumping 

indicate that any effect of pumping on springs on the other side of the 

Kalamazoo River is unlikely. 

(0510n) 
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DATA DOCUMENTATION 

Initial heads were specified in the model based on water level 

measurements taken 2/27/87. These measurements for the shallow aquifer 

including their locations can be found on Figure 10 of the "Hydrogeologic 

Assessment Volume II (HART 6/27/86)". The potentiometric surface map of 

the deep aquifer can be found as Figure 5-2 of the "Hydrogeologic 

Investigation Volume I (HART 3/21/86). River elevations have been 

Included as Table 3 of the "Response to MDNR's Comments (HART 2/12/87)". 

Areas not covered by the above mentioned locations were interpolated. 

Data arrays HEAD100.DAT and HEAD20.DAT contain the head input data for the 

shallow and deep aquifers respectively. Water level measurements taken 

while the Clark Street well was pumping 1000 gpm and the Fire well was 

pumping 2000 gpm has been contoured for the deep aquifer and is included 

as Figure 7 of this report. Water level measurements documenting the 

pumping rates in Scenario 2 have not been taken. There are no 

measurements taken at or near the river at the times when the springs on 

the other side of the river were thought to have dried up. 

The clay confining layer at the site was defined by a series of 

borings which are discussed in Appendix A of the "Response to MDNR's 

Comments" (HART 2/12/87). This above mentioned lithologic data was used 

to create a clay surface map and a clay Isopach map which appear as 

Figures 1 and 2 respectively in the "Response to MDNR's Comments" (HART 

2/12/87). The maps were Interpolated to the edges of the finite 

difference grids. Data array B0TT1.DAT was made from the top of the clay 

surface map to represent the bottom of Layer 1. This clay isopach grid 

was then subtracted from the top of clay grid to create a bottom of the 

clay surface map, included as data array T0PP2.DAT. 

The bottom of the deep aquifer was estimated at 600 MSL. HART 

performed 13 borings at the site to a depth of 300 feet, all of which 

terminated In bedrock. The bedrock surface at the site is approximately 

900 to 950 feet MSL. This value of 300 to 350 feet in thickness is 

substantiated by literature indicating the Marshall Sandstone ranges 

between 160 and 320 feet thick in the Albion area (See, 1976). 

(0510n) 
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Hydraullc conductivities in the shallow aquifer were based on 

laboratory tests performed at the AIRCO site adjacent to the McGraw-Edison 

site (Snell & Keck, 1984). Lab results indicated a range of 

conductivities from 1 to 25 feet per day. During model calibration a 

final conductivity of 30 feet/day was chosen. 

A outline of model runs delineates which input modules were utilized 

for the various runs (Table 2 ) . The Basic and the Block-Centered modules 

are described in detail in Table 3 and Table 4 respectively. All input 

data set and model runs are listed on Attachment 1 and can be found on 

disks A and B. 

(OSlOn) 



TABLE 2 

MODEL RUNS 

Figure No./ 

Type of Run 

Figure 2 

Initial Heads 

Shallow Aquifer 

Steady State 

Figure 3 

C a l i b r a t e d Heads 

Shal low A q u i f e r 

Steady Sta te 

Block-Centered 

Basic F i l e F i l e Well F i l e 

BAS201.INP BLK204.INP 

Recharge F i l e 

RECHIOO.INP 

SIP File 
Output 

File Name 

HEAD100.OAT 

SIPIOO.INP R116 

Figure 4 
Initial Heads 
Deep Aqui fer 
Steady State 

Figure 5 

Calibrated Heads 
Deep Aqui fer 
Steady State 

BAS201.INP BLK204.INP RECHIOO.INP 

HEAD20.DAT 

SIPIOO.INP R116 

I 

Figure 6 

S imu la t i on Scenario 1 

Deep A q u i f e r 

Figure 8 
Simulation Scenario 2 
Deep Aqui fer 

BAS1002.INP BLK1006.INP WELLIOOO.INP RECHIOO.INP 

BAS1002.INP BLK1006.INP WELL2000.INP RECHIOO.INP 

SIPIOO.INP R140 

SIPIOO.INP R141 
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VCONTT.DAT 

HYD100.DAT 

B0TT1.DAT 

ROW.DAT 

COL.DAT 

Hydraulic Conductivity 
Layer 1 

Anisotrophy factor 

TABLE 3 

STEADY-STATE CALIBRATION 

BLK204.INP Components 

Vertical Hydraulic Conductivity (1/day) 

Vertical Conductivity Layer 2 (ft/day) 

Bottom of Layer 1 (MSL) 

Cell width along rows (ft) 

Cell width along columns (ft) 

30 ft/day 

1 

IB0UND1.DAT 

IB0UND2A.DAT 

HEAD100.DAT 

HEAD20.DAT 

BAS201.INP Components 

Boundaries, Layer 1 

Boundaries, Layer 2 

Initial Heads, Layer 1 

Initial Heads, Layer 2 

Length of stress period is 365 days. 
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Anisotrophy Factor 

Specif ic Y ie ld , 
Layer 1 

Storage, Layer 2 
(primary) 

Storage, Layer 2 
(secondary) 

VC0NTT10.DAT 

HYD100.DAT 

B0TT1.DAT 

T0PP2.DAT 

ROW.DAT 

COL.DAT 

IBOUNDB.DAT 

R116L1.DAT 

R116L2.DAT 

TABLE 4 

TRANSIENT SCENARIO 1 

BLK10Q6.INP Components 

1 

0.20 

0.003 

0.20 

Vertical Hydraulic Conductivity (1/day) 

Hydraulic Conductivity, Layer 2 (ft/day) 

Bottom of Layer 1 (MSL) 

Top of Layer 2 (MSL) 

Cell width along rows (ft) 

Cell width along columns (ft) 

BAS1002.INP Components 

Boundary Conditions, Layer 1 and Layer 2 

Initial Heads, Layer 1 (MSL) 

Initial Heads, Layer 2 (MSL) 

Length of Stress period is 365 days, 
Time Steps: 5 
Time Step Multiplier 1.5 

WELLIOOO.INP Components^ 

Fire well 2000 gpm 
Clark Street well 1100 gpm 
Brooks Foundry well 320 gpm 

*Values converted to ft^/day 
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Cooper Industries 
P.O Box 4446 
Houston, Texas 77210 

COOPER 

June 24, 1992 

Mr. Alan Ostrander 
Michigan Department of Natural Resources 
Groundwater Quality Division 
Jackson State Office Bldg., 4th Floor 
301 E. Louis Glick Highway 
Jackson, MI 49201 

Re: McGraw-Edison Site, Albion, MI 

Dear Alan: 

Attached please find a copy of the most recent groundwater report entitled 
"Summary of the March 1992 Tri-Annual Groundwater Flow and Quality 
Monitoring Event at the McGraw-Edison Site, Albion, Michigan." This report 
was generated in compliance with the requirements of the Long-Term 
Monitoring Program which is contained in the Stipulation and Order to 
Implement Final Remediation, dated July 31, 1989. 

It is hoped that we can discuss the contents of this report during your 
scheduled site visit of July 8, 1992. Thank you for your consideration of 
this matter. 

Sincerely, 

Michaer J. O'Brien 

Manager, Environmental Affairs 

MJO/jajunOlO 

Attachment 
cc: R.W. Teets (w/o attachment) 

J .R. Sandberg (w/o attachment) 
R.H. Uber (w/o attachment) 

1001 Fannin, Suite 4000 
Houston, Texas 77002 
713 739-5400 
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SUMMARY OF THE MARCH 1992 TRI-ANNUAL GROUNDWATER 
FLOW AND QUALITY MONITORING EVENT 

AT THE 
McGRAW-EDISON FACILITY IN 

ALBION, MICHIGAN 

June 17, 1992 

INTRODUCTION 

This report details the results of the March 1992 tri-annual groundwater sampling event 
conducted by McLaren/Hart Engineers Midwest, Inc. (McLaren/Hart) for Cooper Industries, Inc. 
(Cooper) at the former McGraw-Edison site in Albion, Michigan. The sampling event was 
completed by a team of hydrogeologists from the Cleveland, Ohio Southfield, Michigan and 
Pittsburgh, Pennsylvania offices of McLaren/Hart. The study was designed to characterize 
groundwater quality and flow directions in both the shallow and deep aquifers at the site during 
the operation of the recovery wells and prior to the start-up of the soil flushing system. The 
stipulated wells to be measured/sampled during the operation of the groundwater recovery 
weU/soil flushing system are listed on Tables la and lb. 

Overall, most of the tri-annual wells were sampled and/or water levels were measured. However, 
because there was no access agreement at the time of this sampling event with Mr. Hamilton 
Trusty and Ms. Lois Schultz to enter their properties (previously referred to as the Holtz 
property), no data were collected from wells on these properties. This absence of data has made 
the interpretation of groundwater flow directions and contaminant plume configurations 
incomplete in both the shallow and deep aquifers. 

A comparison was made between the March 1992 chemistry data and historic chemistry data 
from 1984, 1986, 1988, 1990 and 1991. Those possible affects of the recovery well/soil flushing 
systems which were noted in the comparison are reported in this document. 

GROUNDWATER LEVEL MEASUREMENTS 

Groundwater levels were measured in the monitoring wells with an electronic water level 
indicator to an accuracy of +/-0.01 feet. These depth measurements were converted to 
groundwater elevations using top of casing elevations. Top of casing elevations were surveyed 
by McLaren/Hart in March of 1988 and by Davis Land Surveying on August 14, 1991. All 
groundwater level information from the baseline sampling event is listed in Table 2 (shallow 
aquifer). Table 3 (deep aquifer) and Table 4 (wells associated with the recovery system.) The.se 
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tables also contain remarks on the condition of the wells at the time the groundwater level 
measurements were made and include recommendations for their rehabilitation. Monitoring well 
locations are shown on Figures 1 and 2. 

Groundwater levels were not measurable in some wells due to damage or inaccessibility (Refer 
to Tables 2, 3, and 4 for details). Of particular concern was the lack of access to the monitoring 
wells located on the properties of Mr. Hamilton Trusty and Ms. Lois Schultz. Groundwater level 
measurements were not taken in recovery wells, since some of these wells may cycle on and off 
during operation and thus could yield data of questionable value. 

The groundwater levels were used to prepare potentiometric surface maps and to delineate 
groundwater flow directions for both the shallow and deep aquifers. Figure 1 illustrates the 
potentiometric surface of the shallow aquifer on March 23, 1992. As indicated, a general flow 
direction to the southeast is present in the shallow aquifer from the McGraw-Edison site toward 
the Trusty and Schultz properties, and is similar to groundwater flow patterns mapped in previous 
studies. Shallow groundwater along the western edge of the property flows in a southwesterly 
direction. Figure 2 illustrates the potentiometric surface of the groundwater in the deep aquifer 
on March 23, 1992. Figure 2 also illustrates the influence of pumping the fire protection well 
(pumping at about 2,000 gpm). Water level elevations indicate that the direction of groundwater 
flow in the deep aquifer near the plant is toward the fire protection well. It appears that a 
groundwater divide is being maintained in the deep aquifer between the fire protection well and 
the Clark Street municipal well field. The groundwater flow directions in both the shallow and 
deep aquifers could not be accurately mapped for areas beneath the Trusty and Schultz properties. 

Previous studies have indicated the absence of clay confining layers separating the shallow and 
deep aquifers beneath the Trusty & Schmidt properties. These clay confining layers were 
mapped in both lateral and vertical extent during those studies and were found to be present in 
varying thicknesses and at varying depths throughout most of the study area. These clay layers 
tend to act as a confining unit, perching groundwater in the shallow sand unit overlying the clay 
layer. This is most evident in the northern and western areas of the site which have higher 
groundwater levels. Groundwater levels drop significantly at the southeastern edge of the facility 
adjacent to the Trusty and Schmidt properties where the clay is reported to be absent, and the 
bedrock aquifer appears to be recharging. This area also contains the thickest sequence of coarse 
well sorted sands which support the highest well yields by recovery wells. 

Shallow aquifer monitoring wells H-7s, B-102d, P-3B, and P-7B were not used in the 
construction of the potentiometric surface map. These wells were excluded because they are 
completed in a sand unit located below the confining clay layer. The levels in these wells more 
closely correlate with the deep aquifer water levels since they are hydrologically connected to 
the underlying sandstone. 
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Monitoring wells P-3B and P-7B are nested with wells P-3 and P-7, respectively. A considerable 
hydrologic head difference was noted between the shallow and deep wells completed in the 
glacial drift in both sets of nested wells. A negative head difference (downward gradient) of -
11.13 feet was noted in the P-3 nest of wells and a negative head difference of -11.37 feet was 
noted in the P-7 nest of wells. Minor negative head differences were also noted at nested sets 
of monitoring wells P-16 (-0.72 ft.) and P-19 (-0.17). The negative head differences indicate that 
the lower sand unit in the glacial drift aquifer is recharging the sandstone bedrock along the line 
of recovery wells lA to 15A and piezometers P-1 through P-19. A positive head difference 
(upward gradient) was noted in nested sets of monitoring wells along the eastern line of recovery 
weU (+0.10 ft. at P-21, +0.24 ft. at P-24, +0.63 ft. at P-27, +0.36 ft. of P-30, and +0.72 ft. at P-
33). This positive head difference appears to be related primarily to the spacing of the two wells 
in relation to the pumping recovery well. The nested well closest to the pumping well has a 
lower water level than the well located ten (10) feet away. 

GROUNDWATER SAMPLING 

Fourteen (14) of the fifty-one (51) wells listed in the long-term tri-annual groundwater monitoring 
program could not be sampled during this sampling event. Samples from thirteen (13) wells were 
used as alternatives to fill in some data gaps and to replace samples from these fourteen weUs. 
Monitoring wells H-12s and B-48s were dry. Water samples were collected from wells H-13s 
and B-46s as alternates. Monitoring wells H-3s, H-3d, B-102s, and B-125d could not be sampled 
due to damage to these wells, and B-125s remains to be drilled. Alternate wells were sampled 
as replacements for three (3) of these wells. These alternate wells were P-16 for H-3s, P-16B 
for H-3d, and B-lI5s for B-102s. Tliere were no suitable alternate monitoring wells for wells 
B-125s and B-125d. Water samples were collected from the nested monitoring wells P-3/P-3B, 
P-16/P-16B and P-19/P-19B to assess performance of the flushing recovery well system and to 
assess vertical stratification of contaminants. Monitoring wells B-33d, B-40s, B-40d, B-43s, B-
43d and B-44d could not be sampled since, at the time of the sampling event, no access 
agreement existed with the private land owners. Monitoring wells B-28s and B-32s were 
sampled as the only possible alternative wells for the wells on the Trusty and Schultz properties. 

Each well sampled for groundwater quality was purged and sampled on the same day. Three 
well volumes were purged from each well using either a dedicated purging/sampling device 
(bladder pumps or dedicated teflon bailers), stainless steel bailers, or a portable submersible pump 
(Fultz Pump). The determination of the volume of water to be purged in each well was 
computed using water level measurements and records of total well depths. In the event that a 
static water level could not be measured in a well (H-6s), the static water level at the time of 
well installation was used to determine the required purge volume. 

All wells that did not contain dedicated sampling devices were purged and then sampled using 
a stainless steel bailer. A new length of bailer cord was used at each well and the bailers were 
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disassembled and decontaminated prior to and after sampling each well. These measures were 
taken to prevent cross contamination during sampling. Compressed nitrogen was used to operate 
the bladder pumps (Well Wizards). 

Each groundwater sample was placed in a set of four laboratory prepared 40 ml glass vials. Each 
vial was capped with a lid containing a teflon septa and contained hydrochloric acid (HCL) 
preservative. The conductivity, pH, and temperature of the groundwater from each well were 
measured in a separate container in the field and recorded. Sample bottles were sealed in plastic 
bags and immediately preserved in a cooler of ice. Strict chain-of-custody procedures were 
followed from the time of sample collection vials were shipped from the lab, through their 
delivery to the laboratory, and the receipt of results. All sealed coolers containing the 
groundwater samples were shipped by overnight courier to Savannah Laboratories & 
Environmental Services, Inc., in Savannah, Georgia. 

Quality control samples and blanks were also submitted to the laboratory along with the 
groundwater samples. A trip blank was included with each cooler of samples submitted to the 
laboratory for analysis. This blank was prepared by the laboratory and was present with the 
sample bottles dicing shipment from the laboratory to the site and back to the laboratory. This 
blank was analyzed for the purpose of evaluating potential contamination by the environments 
to which the bottles had been exposed. Two blind duplicate samples with false well 
identifications were sent to the laboratory to test the reproducibility of analytical results (H-14s 
from monitoring well H-8d and H-14d from monitoring well H-5s). All quality control samples 
were analyzed for the same parameters as the groundwater samples. 

DECONTAMINATION PROCEDURES 

All groundwater level measuring, purging and sampling equipment used at the site was 
decontaminated prior to and after use. This decontamination was necessary to prevent cross-
contamination between sample locations. Decontamination was not required for sampling 
equipment in wells containing dedicated sampling devices (bladder pumps and teflon bailers). 

The following procedure was used to decontaminate stainless steel bailers: 1) the bailer was 
disassembled and all parts were washed with a solution of laboratory grade detergent, and 2) this 
wash was followed by rinses of distilled water, methanol, and a final distilled water rinse, and 
3) the bailers were allowed to air dry following reassembly and then wrapped in aluminum foil. 

The outer surface of the Fultz Pump and the associated teflon tubing were washed in the 
detergent water solution and rinsed with distilled water. In addition, the interiors of the Fultz 
Pump and associated tubing were cleaned by pumping the detergent water solution and then a 
distilled water rinse through the pump and teflon tubing. 
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LABORATORY ANALYTICAL CHEMISTRY RESULTS 

AU groundwater samples were analyzed for the purgeable trichloroethylene (TCE) using EPA 
method 601 (from SW-846). The laboratory's performance with respect to holding times, method 
blanks, matrix spike and matrix spike duplicate recoveries and surrogate recoveries was reviewed, 
as well as the results of McLaren/Hart quality control samples (trip blanks and blind duplicates). 

The laboratory results for all groundwater and quality control samples are listed in Tables 5 and 
6. Table 5 contains results from shallow aquifer samples and Table 6 contains results from the 
deep sandstone aquifer. The notation "ND" denotes that TCE was not detected at the method 
detection limit (<1.0 ppb). All of the data reported by the laboratory and the chain-of-custody 
forms are contained in Appendix IO. 

Validated analytical results were used to prepare maps of the TCE plumes at the McGraw-Edison 
site. Figures 3 and 4. These plume maps, in conjunction with potentiometric groundwater surface 
maps, illustrate the conditions at the site in March 1992. 

Figure 3 is an illustration of contoured TCE concentrations in the shallow aquifer as indicated 
from the March 1992 analyses. TCE concentrations were, as expected, greatest (up to 2200 parts 
per billion (ppb)) in the vicinity of B-124s which is located in the central part of the extraction 
well system and adjacent to flushing area A. The 100 ppb isoconcentration line extends onto the 
Airco property to the east, the treatment building to the west, and to the area beneath the existing 
building. The isoconcentration contour lines are estimated in the vicinity of the Trusty and 
Schultz properties due to the absence of data from those wells. 

A TCE concentration of 14 ppb was measured in monitoring well H-6s. This value was not used 
in constructing the TCE plume contours. This well has historically had TCE levels below a 
detection limit of 1 ppb. Drawing the 10 ppb and 1 ppb to this point could not be justified given 
the distance (900 to 1100 ft.) to the closest wells which were monitored. 

Figure 4 is an illustration of contoured TCE concentrations measured in groundwater from the 
deep sandstone aquifer. The highest TCE concentrations (240 ppb) were reported in well B- 103d, 
near the southeast comer of the plant. This is in the area where the clay confining layer which 
separates the shallow and deep aquifers is absent. This observation supports the previous 
interpretation that contaminants are entering the deep aquifer from the shallow aquifer south and 
east of the plant. The outermost isoconcentration line on Figure 4 is the 1 ppb contour. The 
extent of the plume is only estimated to the southeast of the plant because of the absence of data 
from the Trusty and Schmidt property wells. 

The laboratory analytical chemistry results from nested monitoring wells P-3/P-3B, P-16/P-16B 
and P-19/P-19B'were compared to evaluate vertical movement and segregation of the TCE 
contamination. Results of this evaluation indicates that there is a vertical stratification of TCE 
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concentrations in different sand units within glacial drift soils. In all but one nested well site, 
P-19/P-19B, the concentrations of TCE were higher in the lower of the two wells. At the P-
3/P3B site, the upper well, P-3, had a TCE concentration of 91 ppb and the lower, P-3B, had 130 
ppb. This nest of wells is located along the southern line of recovery wells. The upper and 
lower wells at this site are tapping different sand units in the glacial drift soils. These sand units 
are separated from one another by confining or semiconfining clay and silt rich unit. The nested 
wells along the south side also show a lower hydraulic heads in the lower sand units than in the 
upper sand unit, which indicates that the two sand units are hydraulic separated by a confining 
or semiconfining layer. The higher concentrations of TCE in the lower sand unit may be 
indicative of contamination being drawn back on to the site by the combined influence of 
pumping the Fire Protection weU which is completed in the underlying sandstone and the new 
shallow aquifer wells (1A through 11 A) which tap both the upper and lower sand units. 

The concentrations measured in the nested monitoring wells P-16/P-16B were 500 ppb and 620 
ppb, respectively. These wells are located downgradient of flushing area A and are not 
completed in hydrologically separated sand units (There is no confining clay layer between the 
screened interval in each well). A relatively small negative head difference (-0.72 ft.) exists 
between the upper and lower well at this site. 

The concentrations of TCE observed in the nested wells P-19/P-19B (250 ppb and 2.1 ppb, 
respectively) shows a significant difference with the lower weU showing a much lower 
concentration of TCE. This lower concentration of TCE in P-19B may be indicative of a dilution 
by clean groundwater from a lower sand unit. This lower sand unit is separated from the upper 
sand unit in this area by a clay layer. The source of recharge for the lower sand unit may be to 
the east where neither the McGraw-Edison and/or Airco operations have affected groundwater 
quaUty. 

DISCUSSION OF HISTORICAL TRENDS 

Concentrations of TCE reported in 1984, 1986, 1988, 1990, and 1991 for the shaUow and deep 
aquifers were tabulated and compUed along with the March 1992 data and are listed in Tables 
5 and 6. These tables were compiled to evaluate the historical trends related to TCE 
concentrations in groundwater. The 1984 through 1991 data were collected during the period in 
which the groundwater recovery wells and treatment system has been operating, but prior to the 
initiation of the soil flushing system. The March 1992 sampling event is the first sampling which 
foUows the initiation of the flushing system in August and September of 1991. 

There are forty-three (43) shallow aquifer monitoring wells with TCE values reported in Table 
5. Twenty-one (21) of these wells showed a decrease in TCE concentration and six (6) wells 
showed upward and downward variations in concentration prior to this sampling. Only four (4) 
weUs showed an increase in TCE levels wiUi time prior to initiating flushing. TCE was never 
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detected in three (3) wells and nine (9) wells had only one sampling, so that no trend evaluation 
was possible. The increases in TCE concentration in wells B-38d, B-40s and B-43s may not 
reflect a trend which has progressed to the present, since these wells are located on Trusty and 
Schmidt properties and could not be sampled in 1990 and 1991. The most significant decreases 
in TCE concentrations in the shallow aquifer occurred along the eastern edge of the McGraw-
Edison property, where the extraction well system has been operating (wells H-2s, H-3s, and B-
3Is). Wells north, south and west of the extraction well system have shown steady decreases, 
although of lesser magnitude. WeUs H-Is, B-29s, B-llOs, B-124s, P16, and P-16B are adjacent 
to flushing areas and all showed some increase in TCE levels over the baseline levels. Future 
sampling events during 1992 will more closely define the effects of flushing. 

There are twenty-six (26) deep aquifer monitoring wells with TCE values listed in Table 6. 
Fifteen (15) of these wells have shown a decrease in TCE concentrations and three (3) wells have 
shown upward and downward variations in concentration prior to the initiation of flushing. Five 
(5) weUs have never had TCE reported in water samples. Only three (3) wells have shown 
increases in TCE concentrations (H-6d, B-28d and possibly B-43d). The increased concentration 
in B-28d and B-43d may be due to the drawing of TCE back onto the site by the pumping of the 
fire protection well. The greatest reductions in concentrations has been in wells B-45d, B-109d 
and possibly B-40d and B-125d. WeUs H-lOd, H-8d, B-1 lOd, H-9d, and B-47d have shown a 
steady decrease in concentrations down to levels below detection limits. 

CONCLUSIONS 

Overall, the objectives of the March, 1992 groundwater sampling event at the former McGraw-
Edison faciUty have been met. The groundwater flow directions in both the shallow and deep 
aquifers have been generally defined. Groundwater flow conditions in the southeastern part of 
the study area were estimated, due to an absence of data from the Trusty and Schultz well 
properties. It appears that the groundwater divide in the deep aquifer between the site and the 
Clark Street municipal weU is being maintained through the pumping of the on-site fire protection 
weU. 

The extent and configuration of the TCE plumes has also been generaUy defined in both the 
shaUow and deep aquifers. Again, the absence of data from the Trusty and Schultz weU 
properties necessitates the estimation of the plume configurations in the southeast part of the 
study area. 

Principal findings of the March, 1992 tri-annual monitoring event baseline study are summarized 
as foUows: 

• Groundwater flow in the shallow aquifer is to the southeast, possibly influenced by 
leakage of groundwater from the shallow aquifer into the deep aquifer where the clay 

(COOPERNRO 1791 CA.032) 

CONFIDENTIAL 
DO NOT DUPLICATE 



aquitard is absent. This flow also may be influenced by the high yields from recovery 
weUs 14A, W-3, 15A, 16A, and 17A in this area. 

Groundwater flow in the bedrock aquifer is generally to the west but exhibits localized 
variations due to pumping wells and other influences. The mound of groundwater in the 
south (although based on Umited data) may be associated with recharge to the bedrock 
aquifer from the shaUow aquifer and the Kalamazoo River in that area. A drawdown 
cone has been established in the vicinity of the on-site fire protection weU. The city's 
Clark Street supply weU is located upgradient and thus, an apparent groundwater flow 
divide exists between the site and the cities well field. 

Maximum TCE concentrations in the shallow aquifer are on the order of 2200 ppb, and 
are adjacent to flushing area A (which has the highest levels of soil contamination). In 
the deep aquifer, a maximum TCE concentration of 240 ppb occurs at the southeastern 
corner of the property (in well B-103d). The TCE in the deep aquifer may be from the 
shallow aquifer which is recharging the deep aquifer in this area. 

The higher concentration of TCE in the lower well in nested well sets along the southern 
line of recovery wells may indicate that the new deeper recovery weUs in this area are 
drawing contaminated groundwater back onto the site. 

The effects of flushing cannot be fully assessed at this time since this is the first sampling 
event following the initiation of period of flushing. However, increased TCE 
concentrations were measured in some shallow and deep aquifer monitoring wells 
adjacent to the flushing areas. This appears to indicate that the increased TCE 
concentrations are due to the flushing of the contaminated soUs. Future sampling during 
flushing system operation will more fully define the effects of the flushing system. 
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Table 1a. Monitoring Wells Required Under the Long-Term 
Groundwater Monitoring Program at the McGraw-Edison Site 
Albion, Michigan 

TRI-ANNUAL SAMPLING 

(Water Levels 

Shallow Wells 

H-IS 
H-2S 
H-3S 
H-4S 
H-5S 
H-6S 
H-7S 
H-8S 
H-9S 

H-IOS 
H-11S 
H-12S 
*H-13S 

B-29S 
B-31S 
B-38S 
B-40S 
B-43S 
B-43D 

B-45S 
B-48S 
B-101S 
B-102S 

B-104S 
B-109S 
B-110S 
B-122S 
B-124S 
B-125S 

and Chemistry Sampling Tri-Annually) 

Bedrock Wells 
Interface Wells 

B-28D 

B-40D 

B-44D 
B-45D 
B-48D 
B-101D 

B-103D 

B-109D 
B-110D 

B-125D 

Deep Wells 

H-1D 
H-2D 
H-3D 
H-4D 
H-5D 
H-6D 
H-7D 
H-8D 
H-9D 

H-10D 
H-11D 
H-12D 
H-13D 

Monitored for Groundwater Level Only 
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Table 1b. Monitoring Wells Required Under the Long-Term 
Groundwater Monitoring Program at the McGraw-Edison Site 
Albion, Michigan 

SUPPLEf^ENTAL WELLS 

(Water Level Measurments Tri-Annually, Water Chemistry by Plan) 

Shallow Wells 
Bedrock Wells 

Interface Wells Deep Wells 

B-30S 
B-37S 
B-41S 
B-1058 
B-120S 

#B-122S 

No Deep 
Wells 

*B-28S 
*B-35S 
*B-36S 
*B-38S 
*B-39S 
*B-42S 

*B-47S 
*B-118S 
*B-119S 

B-35D 

B-42D 
#B-43D 
B-47D 

# = Also contained in the Tri-Annual Sampling in Table la. 

* = Sampled annually under Supplemental Section of Monitoring Plan, 
the remaining wells are sampled tri-annually . 
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Table 2. Groundwater Elevations from Shallow Soil Aquifer Wells, March 1992. 
McGraw-Edison Site Albion, Michigan 
(** = Triannual Sampling Site * = Supplemental Sampling Site ) 

WATER WATER 
WELL REFERENCE LEVEL TABLE 
ID # ELEVA DATE TIME FROM REF. ELEV. REMEDIATION REQUIRED AT THE Sn^E 

(ft MSL) READ READ (ft) (ft MSL) 

** 

** 
** 

** 
** 
** 
** 
** 
** 
** 
** 
** 

** 

* 
* • 

H-1S 
H-2S 
H-3S 

H-4S 
H-5S 
H-6S 
H-7S 
H-8S 
H-9S 
H-IOS 
H-11S 
H-12S 

H-13S 
B-25S 
B-26S 
B-27S 
B-28S 
B-29S 

984 
983 
985 

981 
988 
967 
978 
979 
986 
969 
978 
954 

968 
973 
972 
983 
991 
987 

.04 
90 
.10 

84 
04 
75 
71 
95 
08 
63 
46 
91 

73 
07 
50 
50 
.84 
.83 

3/23/92 
3/23/92 

3/23/92 
3/23/92 
3/23/92 
3/23/92 
3/23/92 
3/23/92 
3/25/92 
3/23/92 
3/23/92 

3/23/92 

3/23/92 
3/23/92 

15 
14 

10 
9: 
8: 
11 
9: 
9: 

8: 
13 

13 

10 
9: 

:15 
:38 

:52 
49 
55 
:25 
05 
20 

30 
:40 

:48 

:02 
52 

29 
37 

20 
33 
MM 
35 
22 
23 

28 
DRY 

26 

46 
43 

73 
91 

69 
68 

84 
43 
61 

70 

36 

.63 

.96 

954 
945 

961 
954 

942 
957 
962 
NA 
949 
NA 

942 
NA 
NA 
NA 
945 
943 

31 
99 

15 
36 

87 
52 
47 

76 

37 

21 
87 

Damagecl,bailer stuck in the well below 
{Well should be abandoned and replaced 

Well Wizard packer should be removed. 
Well Wizard packer should be removed. 
{Well needs to be resurveyed.} 
Well Wizard packer should be removed. 
Well Wizard packer should be removed. 
Well Wizard packer should be removed. 

Well historically dry, too shallow. 
{Well should be abandoned and replaced 

Well Abandoned 11/24/87 
Well may have been Abandoned 11/24/87 

ground 

} 

} 

Well destroyed during previous construction. 

Well historically dry, too shallow 

B-30S 9 8 9 . 7 1 3 / 2 3 / 9 2 9 :50 DRY NA 

B-31S 
B-32S 
B-35S 
B-36S 
B-37S 
B-38S 

990.24 
990.47 
983.54 
983.54 
989.96 
989.25 

3/23/92 
3/23/92 

9:35 
9:40 

45.01 
32.51 

945.23 
957.96 
NA 
NA 
NA 
NA 

{Well should be abandoned and replaced.} 
This well is dammaged and maybe silted. 
{Well should be abandoned and replaced.} 

Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
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Table 2. Groundwater Elevations from Shallow Soil Aquifer Wells, March 1992. 
McGraw-Edison Site Albion, Michigan 
(** = Triannual Sampling Site * = Supplemental Sampling Site ) 

WATER WATER 
WELL REFERENCE LEVEL TABLE 
ID # ELEVA DATE TIME FROM REF. ELEV. REMEDIATION REQUIRED AT THE Sn^E 

(ft MSL) READ READ (ft) (ft MSL) 

* * B-38D 
* B-39S 
* * B-40S 

B-41S 
B-42S 

* * B-43S 
* * B-43D 
* * B-45S 

B-46S 
* B-47S 
* * B-48S 

* * B-101S 

** B-102S 

B-102D 

B-103S 
* * B-104S 

B-105S 

B-106S 
B-107S 
B-1OSS 

* * B-109S 
* * B-110S 

9 8 9 . 0 7 
9 8 9 . 4 3 
9 9 0 . 0 7 
9 8 9 . 0 6 
9 8 4 . 5 7 
9 8 6 . 6 1 
9 8 6 . 4 7 
9 8 2 . 8 5 3 / 2 3 / 9 2 1 1 : 0 0 

9 8 2 . 8 1 3 / 2 3 / 9 2 
9 8 4 . 0 4 3 / 2 3 / 9 2 
9 8 2 . 1 6 3 / 2 3 / 9 2 

9 8 3 . 5 1 3 / 2 3 / 9 2 

X 3 / 2 3 / 9 2 

979.81 3/23/92 

986.46 3/23/92 
982.46 3/24/92 

979.94 
983.84 

3/23/92 
3/23/92 

1 1 : 3 6 
1 1 : 3 9 
1 1 : 3 2 

1 0 : 3 4 

1 4 : 1 6 

1 4 : 1 6 
1 0 : 0 5 
1 1 : 4 8 

11:05 
15:26 

28.06 

31.18 
32.15 
DRY 

25.64 

35.38 
DRY 
28.22 

B-111S 982.25 3/23/92 15:33 

28.28 
28.16 

25.76 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
954. 
NA 
951. 
951. 
NA 

957. 

NA 

944. 
NA 
954, 
NA 

NA 
NA 
NA 
951. 
955. 

956. 

79 

63 
89 

Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Top of pro-casing loose. Silty bottom. 
{Install a new protective casing euid guards.} 

Well too shallow, usually reported dry. 
{Substitute using B-46s or reinstall.} 

87 Pro-casing loose. Surface Water may enter. 
{Install a new protective casing and guards.} 
Pro-casing and PVC broken off well covered. 
{Abcuidon a n d r e i n s t a l l a new w e l l . } 

43 

24 
Wells destroyed during previous construction. 
{install a new well at this site.} 
Wells destroyed during previous construction. 
Wells destroyed during previous construction. 
Wells destroyed during previous construction. 

66 
68 Well casing is bent. 

{Remove & reinstall a new protective casing.} 
49 
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Table 2. Groundwater Elevations from Shallow Soil Aquifer Wells, March 1992. 
McGraw-Edison Site Albion, Michigan 
( ** = Triannual Sampling Site * = Supplemental Sampling Site ) 

WATER WATER 
TABLE 

REMEDIATION REQUIRED AT THE SH Ê 
WELL 
ID# 

B-112S 
B-113S 
B-114S 
B-115S 
B-116S 
B-117S 
B-118S 
B-119S 
B-120S 
B-122S 
B-123S 
B-124S 
B-125S 

REFERENCE 
ELEVA 
(ft MSL) 

9 8 0 . 5 2 

9 8 0 . 4 8 

9 8 9 . 5 3 

9 7 9 . 8 1 

9 8 7 . 4 5 

9 8 1 . 7 3 

9 8 1 . 8 0 

9 8 1 . 8 0 

9 8 0 . 6 6 

9 8 1 . 8 0 

9 8 9 . 7 8 

DATE 
READ 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

. TIME 
READ 

1 5 : 3 5 

1 0 : 2 1 

1 3 : 4 8 

1 4 : 2 2 

1 1 : 0 3 

1 4 : 2 8 

1 4 : 4 2 

1 4 : 3 2 

1 4 : 1 9 

1 4 : 4 6 

1 1 : 1 9 

LEVEL 
FROM REF. 

(«) 

2 5 . 5 5 

1 9 . 6 1 

3 6 . 2 6 

2 1 . 3 2 

4 4 . 4 8 

3 9 . 1 0 

3 7 . 6 2 

3 8 . 3 5 

3 8 . 4 9 

3 2 . 7 8 

4 5 . 0 0 

TABLE 
ELEV. 

(ft MSL) 

9 5 4 . 9 7 

9 6 0 . 8 7 

9 5 3 . 2 7 

9 5 8 . 4 9 

NA 

9 4 2 . 9 7 

9 4 2 . 6 3 

9 4 4 . 1 8 

9 4 3 . 4 5 

9 4 2 . 1 7 

9 4 9 . 0 2 

9 4 4 . 7 8 

NA 

Wells destroyed during previous construction. 

B-126S NA 

New well installation stipulated by MDNR. 
{install a new well at this location.} 
? Well 126-SP near plant. 

All of the above monitoring wells should be re-surveyed and tied into the August 1991 survey datum. 
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Table 3. Groundwater Elevations from Wells Completed in Bedrock or at the 
Bedrock/Soil Interface, March 1992. McGraw-Edison Site in Albion, Michigan 
( ** = Triannual Sampling Site * = Supplemental Sampling Site ) 

WATER WATER 

WELL REFERENCE LEVEL TABLE 
ID # ELEVA DATE TIME FROM REF. ELEV. REMEDIATION REQUIRED AT THE Sn^E 

(ft MSL) READ READ (ft) (ft MSL) 

** H-1D 
** H-2D 
** H-3D 

** H-4D 
** H-5D 
** H-6D 
** H-7D 
** H-8D 
** H-9D 
** H-10D 
** H-11D 
** H-12D 

H-13D 
B-25D 
B-28D 
B-32D 
B-35D 
B-38D 
B-40D 
B-42D 
B-43D 
B-44D 
B-45D 
B-46D 
B-47D 
B-48D 

983.69 3/23/92 
982.71 3/23/92 
980.90 

980.72 
987.69 
964.76 
979.22 
979.61 
985.55 
969.96 
977.97 
954.30 

965.59 
973.28 
991.63 
990.47 
986.69 
989.07 
990.08 
984.61 
986.47 
988.07 
982.95 
982.83 
983.73 
982.08 

3/23/92 
3/23/92 
3/23/92 
3/23/92 
3/23/92 
3/23/92 
3/25/92 
3/23/92 
3/23/92 

3/23/92 
3/23/92 

3/23/92 
3/23/92 
3/23/92 
3/23/92 

1 5 : 1 5 
1 4 : 3 8 

1 0 : 5 2 
9 : 4 9 
8 : 5 5 

1 1 : 2 5 
9 : 0 5 
9 : 2 0 

1 1 : 0 0 
8 : 3 0 

1 3 : 4 0 

3/23/92 13:48 

10:02 
9:40 

1 1 : 0 0 
1 1 : 3 6 
1 1 : 3 9 
1 1 : 3 2 

4 2 . 5 1 
4 0 . 8 6 

3 8 . 3 2 
4 4 . 5 2 
2 1 . 2 4 
3 7 . 8 0 
3 8 . 7 0 
44 .24 
2 8 . 2 6 
3 4 . 4 3 
1 1 . 2 6 

2 4 . 4 4 

4 6 . 5 8 
4 4 . 0 4 

3 9 . 8 6 
3 4 . 4 0 
4 0 . 5 4 
3 8 . 8 0 

941. 
941. 
NA 

942. 
943, 
943, 
941, 
940. 
941 
941 
943 
943 

941. 
NA 
945, 
946. 
NA 
NA 
NA 
NA 
NA 
NA 
943 
948 
943, 
943, 

18 
85 

40 
17 
52 
42 
91 
31 
70 
54 
04 

{Repair and reinstall Well-Wizzard.} 

Well destroyed during construction, 
{install a new well.} 

{Repair and reinstall Well-Wizzard.} 

{Well elevation needs resurveyed.} 

15 

05 
43 

{Repair eind reinstall Well-Wizzard.} 
Well needs a locking well cap to secure. 
{ A new flush mount protective cover needed.} 
{Repair and reinstall Well-Wizzard.} 

Well Abandoned 11/24/87 

Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 
Well on private property, no access. 

09 
43 
19 
28 

{install well guard posts.} 
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Table 3. Groundwater Elevations from Wells Completed in Bedrock or at the 
Bedrock/Soil Interface, March 1992. McGraw-Edison Site in Albion, Michigan 
( ** = Triannual Sampling Site * = Supplemental Sampling Site) 

REMEDIATION REQUIRED AT THE Sn"E 

* * 

* * 

* * 
* * 

* * 

WELL 
ID# 

B-101D 

B-103D 
B-104D 

B-105D 
B.106D 
B-107D 
B-108D 
B-109D 
B-110D 
B-111D 
B-112D 
B-113D 
B-121D 

B-125D 

REFERENCE 
ELEVA 
(ft MSL) 

9 8 3 . 5 0 

9 8 6 . 8 5 

9 8 3 . 1 8 

9 8 0 . 1 8 

9 7 9 . 6 9 

9 8 3 . 7 0 

9 8 2 . 2 2 

9 8 0 . 8 1 

9 8 0 . 8 0 

9 8 4 . 6 8 

9 8 3 . 0 9 

DATE 
READ 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

TIME 
READ 

1 0 : 3 4 

1 0 : 0 6 

1 1 : 4 8 

1 4 : 2 2 

1 1 : 0 5 

1 5 : 2 7 

1 5 : 3 2 

1 5 : 3 4 

1 0 : 2 1 

1 0 : 4 0 

WATER 
LEVEL 

FROM REF. 

(ft) 

3 7 . 5 1 

4 3 . 9 0 

3 6 . 7 4 

3 7 . 5 1 

4 3 . 2 4 

3 9 . 3 1 

3 9 . 6 5 

2 5 . 3 5 

4 1 . 7 0 

WATER 
TABLE 
ELEV. 

(ft MSL) 

9 4 5 . 9 9 

9 4 2 . 9 5 

NA 

NA 

9 4 3 . 4 4 

NA 

NA 

9 4 2 . 1 8 

9 4 0 . 4 6 

9 4 2 . 9 1 

9 4 1 . 1 6 

9 5 5 . 4 5 

NA 

9 4 1 . 3 9 

Pro-casing Loose. Surface water may enter. 
{Extend well and install new pro-casing} 

BROKEN-OFF Below Ground Surface (B.G.S.) 
{Abandon well to minimize contamination.} 
Well destroyed during previous construction. 

Well destroyed during previous construction. 
Well destroyed during previous construction. 

{Install well guard posts.} 
{Resurvey the top of casing.} 
{Resurvey the top of casing.} 

Small lock for locking cap missing. 
{Resurvey the top of casing.} 
Dcimmaged well casing can't be sampled, 
{install a new well and guard posts.} 

All of the above wells should be re-surveyed and tied into the August 1992 survey datum. 
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Table 4. Groundwater Elevations from Wells Along the Recovery System, March 1992. 
McGraw-Edison Site Albion, Michigan 

WELL 
ID# 

1A 
P-1 
2A 
P-2 
3A 
P-3B 
P-3 
4A 
P-4 
5A 
P-5 
6A 
P-6 
7A 
P-7B 
P-7 
8A 
P-8 
9B 
P-9 
IDA 
P-10 
11B 
B-103D 
B-103S 
P-11 
12A 
P-12 
W-1 

REFERENCE 
ELEVA 
(ft MSL) 

9 7 7 . 3 1 

9 8 3 . 8 3 

9 7 7 . 2 5 

9 8 3 . 8 6 

9 7 6 . 2 7 

9 8 4 . 3 0 

9 8 4 . 2 7 

9 7 6 . 6 5 

9 8 4 . 1 8 

9 7 5 . 9 3 

9 8 4 . 2 2 

9 7 6 . 2 0 

9 8 4 . 2 6 

9 7 6 . 8 2 

9 8 4 . 7 5 

9 8 4 . 2 7 

9 7 6 . 1 6 

9 8 4 . 4 3 

9 8 4 . 5 3 

9 7 7 . 0 1 

9 8 4 . 9 9 

9 8 6 . 8 5 

9 8 6 . 4 6 

9 8 7 . 7 7 

9 8 5 . 7 8 

9 8 7 . 7 2 

9 8 0 . 4 7 

DATE 
READ 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

TIME 
READ 

8 : 3 4 

8 : 5 8 

9 : 1 1 

9 : 1 0 

9 : 1 4 

9 : 1 7 

9 : 2 2 

9 : 2 6 

9 : 2 5 

9 : 3 1 

9 : 3 4 

9 : 4 0 

1 0 : 0 6 

1 0 : 0 5 

1 0 : 0 8 

1 0 : 1 5 

WATER 
LEVEL 

FROM REF. 

(ft) 

2 9 . 3 6 

2 9 . 2 3 

4 0 . 9 7 

2 9 . 8 4 

2 9 . 9 8 

3 0 . 3 1 

3 0 . 7 1 

4 2 . 5 7 

3 1 . 2 0 

DRY 

3 9 . 3 0 

4 1 . 8 3 

4 3 . 9 0 

DRY 

4 4 . 8 0 

4 5 . 2 4 

WATER 
TABLE 
ELEV. 

(ft MSL) 

NA 

9 5 4 . 4 7 

NA 

9 5 4 . 6 3 

NA 

9 4 3 . 3 3 

9 5 4 . 4 3 

NA 

9 5 4 . 2 0 

NA 

9 5 3 . 9 1 

NA 

9 5 3 . 5 5 

NA 

9 4 2 . 1 8 

9 5 3 . 0 7 

NA 

NA 

NA 

9 4 5 . 2 3 

NA 

9 4 3 . 1 6 

NA 

9 4 2 . 9 5 

NA 

9 4 2 . 9 7 

NA 

9 4 2 . 4 8 

NA 

REMARKS OR REMEDIATION NEEDED 

Recovery well . No measurement made. 
Shallow soil aquifer piezometer. 
Recovery well . No measurement made. 
Shallow soil aquifer piezometer. 
Recovery well . No measurement made. 
Deep soil aquifer piezometer. 
Shallow soil acjuifer piezometer. 
Recovery well No measurement made. 
Shallow soil aquifer piezometer. 
Recovery well . No measurement made. 
Shallow soil aquifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil aquifer piezometer. 
Deep soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil aquifer piezometer. 
Installed in well pit. Needs resurveyed 
Shallow soil aquifer piezometer. 
Recovery well . No measurement made. 
Shallow soil aquifer piezometer. 
Installed in well pit. Needs resurveyed 
Needs resurveyed to 1991 elvation datum(estimated) 
Needs resurveyed to 1991 elvation datum(estimated) 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
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Table 4. Groundwater Elevations from Wells Along the Recovery System, March 1992. 
McGraw-Edison Site Albion, Michigan 

WELL 

ID# 

P-13 
13A 
P-14 
W-2 
P-15 
14A 
P-16 
P-16B 
W-3 
P-17 
ISA 
P-18 
W-4 
P-19B 
P-19 
16A 
B-117S 
P-20 
W-5 
P-2 IB 
P-21 
17A 
P-22 
W-6 
B-124S 
P-23 
18A 
P-24B 
P-24 

REFERENCE 
ELEVA 
(ft MSL) 

9 8 7 . 4 2 
9 7 9 . 6 0 
9 8 7 . 4 3 
9 8 0 . 9 6 
9 8 7 . 1 5 
9 8 0 . 1 9 
9 8 7 . 9 4 
9 8 8 . 6 7 
9 8 1 . 3 5 
9 8 8 . 6 8 
9 8 0 . 1 3 
9 8 8 . 7 9 
9 8 0 . 9 1 
9 8 7 . 3 1 
9 8 7 . 5 7 

9 8 0 . 0 3 
9 8 7 . 4 5 
9 8 7 . 7 4 

9 8 1 . 1 3 
9 8 8 . 6 2 
9 8 8 . 7 4 

9 9 0 . 1 0 
9 8 2 . 7 3 
9 8 9 . 7 8 
9 9 0 . 1 1 
9 8 2 . 1 6 
9 9 1 . 1 8 
9 9 0 . 4 6 

DATE 

READ 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 
3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 
3 / 2 3 / 9 2 

3 / 2 3 / 9 2 
3 / 2 3 / 9 2 

3 / 2 3 / 9 2 
3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 
3 / 2 3 / 9 2 

3 / 2 3 / 9 2 
3 / 2 3 / 9 2 

TIME 

READ 

10 

10 

10 

10 
10 

10 

10 

10 
10 

11 
11 

11 
11 

11 

11 
11 

11 
11 

18 

22 

26 

40 
4 1 

5 1 

34 

59 
58 

03 
06 

13 
12 

17 

•19 
•28 

35 
34 

WATER 

LEVEL 

FROM REF. 

(ft) 

4 5 . 2 0 

4 5 . 3 5 

4 5 . 4 0 

4 6 . 4 5 

4 7 . 1 7 

4 6 . 7 2 

4 6 . 4 9 

4 5 . 2 1 

4 5 . 0 4 

4 4 . 4 8 

4 4 . 6 0 

4 5 . 4 0 

4 5 . 5 0 

4 6 . 4 9 

4 5 . 0 0 

4 6 . 2 2 

4 6 . 4 0 

4 5 . 6 4 

WATER 

TABLE 

ELEV. 

(ft MSL) 

9 4 2 . 2 2 

NA 
9 4 2 . 0 8 

NA 

9 4 1 . 7 5 

NA 
9 4 1 . 4 9 

9 4 1 . 5 0 

NA 
9 4 1 . 9 6 

NA 
9 4 2 . 3 0 

NA 
9 4 2 . 1 0 

9 4 2 . 5 3 

NA 
9 4 2 . 9 7 

9 4 3 . 1 4 

NA 
9 4 3 . 2 2 

9 4 3 . 2 4 

NA 
9 4 3 . 6 1 

NA 

9 4 4 . 7 8 

9 4 3 . 8 9 

NA 
9 4 4 . 7 8 

9 4 4 . 8 2 

REMARKS OR REMEDIATION NEEDED 

Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Deep soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Deep soil acjuifer piezometer. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Needs resurveyed to 1991 elvation datum(estimated) 
Shallow soil acjuifer piezometer. 
Recovery well No measurement made. 
Deep soil acjuifer piezometer. 
Shallow soil acjuifer piezometer. 
Installed in well pit. Needs resurveyed 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Needs resurveyed to 1991 elvation datum(estimated) 
Shallow soil acjuifer piezometer. 
Recovery well No measurement made. 
Deep soil acjuifer piezometer. 
Shallow soil acjuifer piezometer. 
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Table 4. Groundwater Elevations from Wells Along the Recovery System, March 1992. 
McGraw-Edison Site Albion, Michigan 

WELL 
ID# 

19A 

P-25 
20A 

P-26 
W-8 

P-27B 
P-27 
21A 

P-28 
W-9 

P-29 
22A 

23B 

P-30B 
P-30 
23A 

B-114S 
P-31 
24A 

P-32 
25A 

P-33B 
P-33 
26A 

P-34 
27A 

B-101S 
B-101D 

REFERENCE 
ELEVA 
(ft MSL) 

9 8 2 . 3 3 

9 9 1 . 1 4 

9 8 2 . 6 4 

9 9 0 . 4 9 

9 8 3 . 2 1 

9 9 0 . 1 2 

9 9 0 . 7 7 

9 8 1 . 9 4 

9 8 9 . 4 1 

9 8 2 . 6 0 

9 8 9 . 0 4 

9 8 1 . 5 2 

9 8 8 . 3 2 

9 8 8 . 6 3 

9 8 9 . 5 3 

9 8 7 . 8 3 

9 8 0 . 2 5 

9 8 5 . 9 6 

9 7 8 . 2 7 

9 8 5 . 2 0 

9 8 4 . 9 7 

9 7 7 . 1 1 

9 8 3 . 9 6 

9 7 6 . 7 5 

9 8 3 . 5 1 

9 8 3 . 5 1 

DATE 
READ 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

3 / 2 3 / 9 2 

TIME 
READ 

1 1 

1 1 

1 1 

1 1 

13 

13 

13 

13 

13 

13 

13 

13 

13 

14 

10 

10 

40 

43 

48 

47 

34 

40 

43 

42 

•48 

•50 

: 5 6 

: 5 9 

: 5 8 

: 0 4 

: 3 4 

: 3 5 

WATER 
LEVEL 

FROM REF. 

(ft) 

4 5 . 8 6 

4 4 . 1 9 

4 3 . 0 7 

4 3 . 7 0 

4 1 . 4 5 

DRY 

3 8 . 1 6 

3 8 . 5 2 

3 6 . 2 6 

3 9 . 8 8 

DRY 

2 7 . 2 6 

2 6 . 9 8 

2 6 . 0 0 

2 5 . 6 4 

3 7 . 5 1 

WATER 

TABLE 
ELEV. 

(ft MSL) 

NA 

9 4 5 . 2 8 

NA 

9 4 6 . 3 0 

NA 

9 4 7 . 0 5 

9 4 7 . 0 7 

NA 

9 4 7 . 9 6 

NA 

NA 

NA 

NA 

9 5 0 . 1 6 

9 5 0 . 1 1 

NA 

9 5 3 . 2 7 

9 4 7 . 9 5 

NA 

NA 

NA 

9 5 7 . 9 4 

9 5 7 . 9 9 

NA 

9 5 7 . 9 6 

NA 

9 5 7 . 8 7 

9 4 6 . 0 0 

REMARKS OR REMEDIATION NEEDED 

Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Deep soil acjuifer piezometer. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Installed in well pit. Needs resurveyed 
Deep soil acjuifer piezometer. 
Shallow soil aquifer piezometer. 
No longer a recovery well. Resurvey needed. 
Needs resurveyed to 1991 elvation datum(estimated) 
Shallow soil acjuifer piezometer. 
Recovery well No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Deep soil aquifer piezometer. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Shallow soil acjuifer piezometer. 
Recovery well . No measurement made. 
Needs resurveyed to 1991 elvation datum(estimated) 
Needs resurveyed to 1991 elvation datum(estimated) 

tbl4392.xls 



TABLE 5 
SUMMARY OF TRICHLOROETHYLENE MEASUREMENTS 
FOR THE SHALLOW AQUIFER, 1984 TO MARCH 1992 

MONITORING WELL 

H-1s 
H-2S 

H-3S 
H-4S 
H-5S 

H-5s Duplicate 
H-6S 

H-7S 

H-8S 
i H-9S 

H-IOs 
H-11S 
H-12S 
H.13S 
B-28S 
B-29S 
B-31S 
B-32S 
B-35S 
B-36S 
B-38S 
B-38d 

B-40S 
B-42S 
B-42d 

B-43S 

B-45S 
B-46S 

B-47S 

1984 
ug/i 

-

-

-

-

-

3600 

1700 

56 

ND 

5.5 

1.4 

85 

1.2 

18.4 

16.8 

ND 

48 

-

14.5 

1986 
ug/i 

90 

1000 

76000 

11 

63 

-

1 

7 

1 

1 

ND 

3 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_ 

1988 
ug/i 

38 

180 

3900 

20 

25 

-

ND 

5 

ND 

ND 

ND 

2 

-

-

-

320 

780 

10 

ND 

3 

ND 

4800 

2 

6 

8 

14 

190 

-

15 

June 
1990 

ug/i 

64 

160 

-

28 

27 

-

ND 

2.9 

ND 

ND 

ND 

ND 

ND 

ND 

110 

120 

530 

-

-

-

-

-

-

-

-

-

81 

-

11 

July 
1991 

ug/i 

38 

ND 

-

7.7 

33 

-

ND 

9.7 

ND 

ND 

ND 

1.2 

-

ND 

280 

63 

440 

-

-

-

-

-

-

-

-

-

18 

15 

ND 

March 
1992 

ug/i 

51 

150 

-

7.5 

110 

84 

14 

23 

ND 

ND 

ND 

1.9 

-

ND 

66 

130 

270 

54 

38 

5.6 

ND 

ALBTCE2.XLS Page 1 



TABLE 5 
SUMMARY OF TRICHLOROETHYLENE MEASUREMENTS 
FOR THE SHALLOW AQUIFER, 1984 TO MARCH 1992 

MONITORING WELL 

B-101s 
B-102s 
B-104s 
B-109s 
B-110s 
B-112s 
B-115s 
B-117s 
B-118s 
B-119s 
B-120s 
B-122s 
B-124s 

P-3 
P-3B 
P-11 
P-16 

P-16B 
P-19 

P-19B 
Trip Blanks 

TB-1 
TB#2 

1984 
ug/i 

47 

71 

3.4 

-

1.8 

-

19500 

-

-

-

8.6 

522 

-

-

-

-

-

-

-

-

-

1986 
ug/i 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1988 
ug/i 

. 

8 

210 

2 

-

1 

-

540 

-

-

-

420 

1500 

-

-

-

-

-

-

-

-

. 

June 
1990 

ug/i 

28 

-

230 

0.86 

-

-

-

-

1500 

140 

1900 

500 

2800 

-

-

-

-

-

-

-

-

. 

July 
1991 

ug/i 

27 

-

200 

ND 

10 

110 

380 

1500 

-

-

-

400 

41 

-

-

-

. 

March 
1992 

ug/i 

27 

-

190 

ND 

33 

-

2.1 

-

-

-

-

170 

2200 

91 

130 

14 

500 

620 

250 

2.1 

ND 

ND 

ND = Below the detection limit of 1.0 ppb. 

" -" = Not sampled on this date. 

ALBTCE2.XLS Page 2 



TABLE 6 
SUMMARY OF TRICHLOROETHYLENE MEASUREMENTS 

FOR THE DEEP AQUIFER, 1984 TO MARCH 1992 

MONITORING WELL 

H-ld 
H-2d 
H-3d 
H-4d 
H-5d 
H-6d 
H-7d 
H-8d 

H-8d Duplicate 
H-9d 
H-IOd 
H- l ld 
H-12d 
H-13d 
B-28d 
B-32d 
B-40d 
B-43d 
B-44d 
B-45d 
B-47d 
B-48d 

B-1 Old 
B-102d 
B-103d 
B-106d 
B-109d 
B-IIOd 
B-112d 
B-125d 

1984 
ug/i 

-

-

-

-

-

-

-

-

-

-

-

-

-

3.7 

-

355 

ND 

23 

253 

3.2 

ND 

-

-

513 

-

186 

1.5 

4.5 

855 

1986 
ug/i 

6 

76 

ND 

1 

ND 

ND 

1 

7 

-

1 

4 

ND 

ND 

ND 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1988 
ug/i 

5 

33 

ND 

1 

ND 

ND 

ND 

1 

- • 

ND 

ND 

1 

ND 

ND 

6 

-

36 

10 

9 

190 

3 

2 

-

-

154 

-

20 

1 

4 

400 

June 
1990 

ug/i 

2.4 

17 

-

0.84 

ND 

3 

0.22 

0.94 

-

ND 

0.21 

ND 

ND 

ND 

16 

-

-

-

-

280 

0.34 

0.6 

ND 

-

690 

-

19 

0.8 

-

. 

July 
1991 

ug/i 

ND 

49 

-

ND 

ND 

8.9 

ND 

ND 

-

ND 

ND 

ND 

ND 

ND 

20 

-

-

-

-

33 

ND 

-

ND 

-

210 

-

5 

ND 

-

. 

March 
1992 

ug/i 

1.5 

56 

-

ND 

ND 

ND 

ND 

ND 

ND 

ND 

3.5 

ND 

ND 

ND 

29 

88 

-

- • 

-

44 

1.7 

-

ND 

240 

38 

ND 

1.4 

-

_ 

ND = Below the detection limit of 1.0 ppb. 

" -" = Not sampled on this date. 
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SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

Mr. Roy Cox 
McLaren H a r t 
29225 C h a g r i n B l v d . 
C l e v e l a n d , OH 44122 

ra H (8 ISB W B 

LW APR 2 4 I 9» 

Mr! ftREN/HART 

LOG NO: S2-41373 

Received: 25 MAR 92 

LOG NO 

Project: 08.0000103.004/Albion 
Sampled By: Client 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

Page l 

41373-1 

41373-2 

41373-3 

41373-4 

41373-5 

B-28S 

B-28D 

B-29S 

B-31S 

H4D 

03-24-92 

03-24-92 

03-24-92 

03-24-92 

03-24-92 

PARAMETER 41373-1 41373-2 41373-3 41373-4 41373-5 

Purgeable Halocarbons (601) 

Trichloroethene, ug/1 66 
Surrogate - Bromochloromethane % Rec 110 

29 
102 

130 

95 

270 

91 

<1.0 
104 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 3 7 3 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Received: 25 MAR 92 

REPORT OF RESULTS 

Project: 08.0000103.004/Albion 
Sampled By: Client 

Page 2 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

41373-6 
41373-7 
41373-8 
41373-9 
41373-10 

B-45S 
B-45D 
B-46S 
B-4 7D 
B-102D 

03-23-92 
03-24-92 
03-23-92 
03-23-92 
03-24-92 

PARAMETER 41373-6 41373-7 41373-8 41373-9 41373-10 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 38 
Surrogate - Bromochloromethane % Rec 93 

44 
94 

5 . 6 
81 

1 . 7 
94 

23 
9 1 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 3 7 3 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Received: 25 MAR 92 

Project: 08.0000103.004/Albion 
Sampled By: Client 

REPORT OF RESULTS Page 3 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

41373-11 
41373-12 
41373-13 
41373-14 
41373-15 

B-106D 
B-109D 
B-109S 
B-104S 
B-llOD 

03-24-92 
03-23-92 
03-24-92 
03-24-92 
03-24-92 

PARAMETER 41373-11 41373-12 41373-13 41373-14 41373-15 

Purgecible Halocarbons (601) 
Trichloroethene, ug/1 38 
Surrogate - Bromochloromethane % Rec 86 

< 1 . 0 
54 

< 1 . 0 
85 

190 
80 

1 .4 
94 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 3 7 3 

Received: 25 MAR 92 
Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Project: 08.0000103.004/Albion 
Sampled By: Client 

REPORT OF RESULTS Page 4 

LOG NO 

41373-16 
41373-17 
41373-18 
41373-19 
41373-20 

SAMPLE 

B-llOS 
B-115 
H-ID 
H-2D 
H-2S 

LIQUID SAMPLES DATE SAMPLED 

03-24-92 
03-24-92 
03-24-92 
03-24-92 
03-24-92 

PARAMETER 41373-16 41373-17 41373-18 41373-19 41373-20 

Purgeable Halocarbons 
Trichloroethene, ug/1 

(601) 
33 

S u r r o g a t e - Bromochloromethane % Rec 96 
2 . 1 
100 

1.5 
89 

56 
97 

150 
115 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

Mr. Roy Cox 
McLaren H a r t 
29225 C h a g r i n B l v d . 
C l e v e l a n d , OH 44122 

LOG NO: S2-41373 

Received: 25 MAR 92 

Project: 08.0000103.004/Albion 
Sampled By: Client 

REPORT OF RESULTS Page 5 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

41373-21 
41373-22 
41373-23 
41373-24 
41373-25 

H-4S 
H-6D 
H-6S 
H-8D 
H-8S 

03-24-92 
03-24-92 
03-24-92 
03-24-92 
03-24-92 

PARAMETER 41373-21 41373-22 41373-23 41373-24 41373-25 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 7.5 
Surrogate - Bromochloromethane % Rec 94 

<1 .0 
94 

14 
88 

<1 .0 
87 

<1 .0 
92 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 3 7 3 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Received: 25 MAR 92 

Project: 08.0000103.004/Albion 
Sampled By: Client 

REPORT OF RESULTS Page 6 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

41373-26 H-9S 
41373-27 H-9D 
41373-28 H-13D 
41373-29 H-13S 
41373-30 H-14S QI.VjL Rt/.l;t.c4« ̂  H-^D 

03-24-92 
03-24-92 
03-24-92 
03-24-92 
03-24-92 

PARAMETER 41373-26 41373-27 41373-28 41373-29 41373-30 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 <1.0 
Surrogate - Bromochloromethane % Rec 90 

< 1 . 0 
83 

< 1 . 0 
85 

< 1 . 0 
85 

< 1 . 0 
90 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 3 7 3 

Received: 25 MAR 92 
Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Project: 08.0000103.004/Albion 
Sampled By: Client 

LOG NO SAMPLE DESCRIPTION 

REPORT OF RESULTS 

LIQUID SAMPLES 

Page 7 

DATE SAMPLED 

41373-31 
41373-32 

PARAMETER 

Trip Blank #2 
03-24-92 
03-24-92 

41373-31 41373-32 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 
Surrogate - Bromochloromethane % Rec 

5 1 
9 1 

< 1 . 0 
1 1 5 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 3 73 

Received: 25 MAR 9 2 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Project: 08.0000103.004/Albion 
Sampled By: Client 

LOG NO 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , QC REPORT FOR LIQUID SAMPLES 

Page 8 

41373-33 Method Blank-Water 
41373-34 Accuracy (Meein % Recovery)-Water 
41373-35 Precision (% RPD)-Water 
41373-36 Date Analyzed-Water 

PAFIAMETER 41373-33 41373-34 41373-35 41373-36 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 <1.0 140 % 3.6 % 04.01-3.92 

Methods: EPA 4 0 CFR Part 13 6 

. jdzy^^e^ J . /AJ/UT/^ 
S t e v e n J . Whi 

Laboratory locations in Savannah, GA • Ta/Za/iassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 
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SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

M r . Roy Cox 
M c L a r e n H a r t 
2 9 2 2 5 C h a g r i n B l v d . 
C l e v e l a n d , OH 4 4 1 2 2 

J e E D W f! 

APR 2 A m ? 

LOG NO: S2-41402 

Received: 26 MAR 92 

mjAiumru 

REPORT OF RESULTS 

oject: 080000103.004 Albion 
Sampled By: Client 

Page l 

LOG NO SAMPLE DESCRIPTION , LIQUID S7U4PLES DATE SAMPLED 

4 1 4 0 2 - 1 
4 1 4 0 2 - 2 
4 1 4 0 2 - 3 
4 1 4 0 2 - 4 
4 1 4 0 2 - 5 

'A 19B 
B-32D 
B-32S 
B-IOIS 
B-IOID 

03-25-92 
03-25-92 
03-25-92 
03-25-92 
03-25-92 

PARAMETER 41402-1 41402-2 41402-3 41402-4 41402-5 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 2.1 
Surrogate - Bromochloromethane % Rec 59 

88 
59 

54 
63 

27 
63 

< 1 . 0 
67 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 4 0 2 

Mr. Roy Cox 

McLaren Hart 

29225 Chagrin Blvd. 

Cleveland, OH 44122 

Received: 26 MAR 92 

Project: 080000103.004 Albion 

Sampled By: Client 

REPORT OF RESULTS P a g e 2 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

4 1 4 0 2 - 6 
4 1 4 0 2 - 7 
4 1 4 0 2 - 8 
4 1 4 0 2 - 9 
4 1 4 0 2 - 1 0 

B - 1 2 2 S 
B - 1 2 4 S 
H-5D 
H - 5 S 
H - 7 S 

0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 

PARAMETER 4 1 4 0 2 - 6 4 1 4 0 2 - 7 4 1 4 0 2 - 8 4 1 4 0 2 - 9 4 1 4 0 2 - 1 0 

P u r g e a b l e H a l o c a r b o n s ( 601 ) 
T r i c h l o r o e t h e n e , u g / 1 170 

S u r r o g a t e - B r o m o c h l o r o m e t h a n e % Rec 59 
2 2 0 0 

63 
< 1 . 0 

61 
110 

62 
23 
58 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 4 0 2 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Received: 26 MAR 92 

Project: 080000103.004 Albion 
Sampled By: Client 

REPORT OF RESULTS Page 3 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

41402-11 
41402-12 
41402-13 
41402-14 
41402-15 

H-7D 
H-IOD 
H-IOS 
H-llD 
H-llS 

03-25-92 
03-25-92 
03-25-92 
03-25-92 
03-25-92 

PARAMETER 41402-11 41402-12 41402-13 41402-14 41402-15 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 <1.0 
Surrogate - Bromochloromethane % Rec 63 

3 . 5 
56 

< 1 . 0 
69 

< 1 . 0 
62 

1 .9 
62 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 4 0 2 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

LOG NO 

REPORT OF RESULTS 

SAMPLE DESCRIPTION , LIQUID SAMPLES 

Received: 26 MAR 92 

Project: 080000103.004 Albion 
Sampled By: Client 

Page 4 

DATE SAMPLED 

41402-16 
41402-17 
41402-18 
41402-19 
41402-20 

H-12D 

H-14D 31;,^ fitfUcAe H ' 5 5 
p - 3 

P - 3 B 
P - 1 1 

0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 

PARAMETER 4 1 4 0 2 - 1 6 4 1 4 0 2 - 1 7 4 1 4 0 2 - 1 8 4 1 4 0 2 - 1 9 4 1 4 0 2 - 2 0 

P u r g e a b l e H a l o c a r b o n s (601) 
T r i c h l o r o e t h e n e , u g / 1 < 1 . 0 

S u r r o g a t e - B r o m o c h l o r o m e t h a n e % R e c 62 
84 

6 1 
9 1 
62 

130 
49 

14 
60 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S 2 - 4 1 4 0 2 

Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Received: 26 MAR 92 

Project: 080000103.004 Albion 
Sampled By: Client 

REPORT OF RESULTS Page 5 

LOG NO SAMPLE DESCRIPTION , LIQUID SAMPLES DATE SAMPLED 

41402-21 
41402-22 
41402-23 
41402-24 
41402-25 

P - 1 6 
P - 1 6 B 
P - 1 9 
1 0 3 - D 
T r i p Blcin)c T B - i 

0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 
0 3 - 2 5 - 9 2 

PARAMETER 4 1 4 0 2 - 2 1 4 1 4 0 2 - 2 2 4 1 4 0 2 - 2 3 4 1 4 0 2 - 2 4 4 1 4 0 2 - 2 5 

P u r g e a b l e H a l o c a r b o n s (601 ) 
T r i c h l o r o e t h e n e , u g / 1 500 

S u r r o g a t e - B r o m o c h l o r o m e t h a n e % R e c 60 
620 

59 
250 

57 
240 

61 
< 1 . 0 

60 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

5102 LaRoche Avenue • Savannah, GA 31404 • (912) 354-7858 • Fax (912) 352-0165 

LOG NO: S2-41402 

Received: 26 MAR 92 
Mr. Roy Cox 
McLaren Hart 
29225 Chagrin Blvd. 
Cleveland, OH 44122 

Project: 080000103.004 Albion 
Sampled By: Client 

LOG NO SAMPLE DESCRIPTION 

REPORT OF RESULTS 

QC REPORT FOR LIQUID SAMPLES 

Page 6 

41402-26 Method Blank-Water 
41402-27 Accuracy (Mean % Recovery)-Water 
41402-28 Precision (% RPD)-Water 
41402-29 Date Analyzed-Water 

PARAMETER 41402-26 41402-27 41402-28 41402-29 

Purgeable Halocarbons (601) 
Trichloroethene, ug/1 <1.0 130 % 0 % 04.5-8.92 

Methods: EPA 40 CFR Part 136 

. Wh^^e Steven J 

Laboratory locations in Savannah, GA • Tallahassee, FL • Mobile, AL • Deerfield Beach, FL • Tampa, FL 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

ALYSIS REQUEST AND CHAIN OF CUSTODY RECORD 
NUMBER PROJECT NUMBER PROJECT NAME PROJE 

khi. 
% 

e>^^/ 

K i 5102 LaRoche Avenue, Savannah, GA 31404 
L U 2846 Induslrial Plaza Drive, Tallahassee, FL 32301 
I I 414 Southwest 12lh Avenue, Deerfield Beach, FL 33442 
I I 900 Lakeside Drive, Mobile, AL 36693 
I I 6712 Benjamin Road, Suite 100, Tampa, FL 33634 

Phone; (912) 354-7858 
Phone: (904) 878-3994 
Phone: (305) 421-7400 
Phone: (205) 666-6633 
Phone:(813)885-7427 

Fax (912) 352-0185 
Fax (904) 878-9504 
Fax (305) 421-2584 
Fax (205) 666-6696 
Fax (813) 885-7049 

REQUIRED ANALYSES 
PAGE z. OF 

.riT NAME 

NT ADDRESS lESS 1 

TELEPHONE/FAX NO. ^ 

CITY, STATE, ZIP CODE 

7^^5- <^U^^}» Bl̂ ;A_ C/^veU^Jl.m'^\ 
irLER(S) NAME(S) 

AMPLING 

^TE TIME 

<;LIENT PROJECT MANAGER 

Aoy- Zy C o x 

SAMPLE IDENTIFICATION 

I I STANDARD TAT 

I I EXPEDITED TAT * 

NUMBER OF CONTAINERS SUBMITTED 

REPORT DUE DATE 

* SUBJECT TO RUSH FEES 

/a 
L 7 J A B-ioHh < 

LL10_ l^-VD 
71_ 17.70 li-toS X 

i ^ ass H^ns X 

/?*/ 
^ 

•R. B-lo^S X 

^1_ n-io^s < 

11''05 H-fS < 

It Ini H-(^ X K 

v̂ ii:io HiHS i K 
>± IVAZ P^Hl) 
^1 /i:o6 H-n < / 

/oyyj 0-/I5 
ill'puiSHED BY: (SIGNATURE) 

n-
iL A 

ipuiSHED TIME 

A^ 
I TIMP 

RECEB^ BY: (SIGNATURE) 

/ ^ -

DATE TIME RELINQUISHED BY: (SIGNATURE) 

- ^ d ^ 
TIME 

r y j J ^ 
IVED BY: (SIGNATURE) DATE TIME RELINOBISHED BY: (SIGNATURE) D«TE TIME RECEIVED 9^: (SIGNATURE) TIME 

5 
FOR SAVANNAH LABORATORY USE ONLY 

LABORATORY REMARKS 

E1VE0 FOR LABORATORY BY: (ilGNATURE) 

P^do m CUjBTODY INTACT 

YES [ ^ NO 

CUSTODY SEAL NO. S.L. LOG NO. 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

ALYSIS REQUEST AND CHAIN. Op CUSTODY RECORD 
HUMRER PROJECT NUMBER " ; ^ f i O J « ; T NAME . r f k x - x - y y i r T ^ 

e^.O(H>olo3.CO^}C2iQ'i&i4-<^iOI Fk • ^ 
MATRIX 
TYPE 

C^o{c^^-f_ 

t y t 010*; LaBociie wv^nue, Savdntidn, GA o i t o i 
• 2846 Industrial Plaza Drive, Tallahassee. FL 32301 

I I 414 Southwest 12th Avenue, Deerfield Beach, FL 33442 
I I 900 Lakeside Drive, Mobile. AL 36693 

I I 6712 Benjamin Road, Suite 100, Tampa. FL 33634 

rhone: \p\c) oD4-785b 
Phone; (904) 878-3994 
Phone: (305) 421-7400 
Phone: (205) 666-6633 
Phone:(813)885-7427 

Fax^3i£) J52.01o:.> 
Fax (904) 878-9504 
Fax (305) 421-2584 
Fax (205) 666-6696 
Fax (813) 885-7049 

V 
REQUIRED ANALYSES 

PAGE^ OF 

NT NAME 

•JT ADDRESS / 

TELEPHONE/FAX 
' i r l 

CITY. STATE, ZIP CODE 

i('LER(S) NAME(S) "^ ' \ CLIENT PROJECTMANAGER 

{. 
('LER(S) NAME(S) 

SA 

\TE 

L PLING 

TIME 

'^ /$^ A 

?^ 
' f ( f^ 

/Toy /,. Co K 
' f f j 

^/^/S» 

SAMPLE IDENTIFICATION 
i^ 

!<, ^ 

0^ 

I I STANDARD TAT 

I I EXPEDITED TAT 

REPORT DUE DATE / / / X / T ^ 

NUMBER OF CONTAINERS SUBMITTED * SUBJECT TO PlUSH FEES 

47 IVOI B" HCS < X 

2 1 ^:is H-JS < 

M l H'HS X 
1012-5 S~I020 K. 
10 '.IPC fi-2^^ < 

17'. S 5 H-ZD 
mo H'lV X J L 

/ t̂ 
i r ioUlSHEO BY: (SIGNATURE) 

•:iVED BY. (SIGNATURE) ^ 

/r./y UUu^k i ^ l 
DATE 

' / • ( ( 

TIME RECEIVED BY: (SIGNATURE) 

BtLINCOtSHED BY: (SIGN/ 

DATE 

?/z3 
/DATE 

TIME RELINQUH8HED BY: (SIGNATURE) BY: (JIGNATURE 

A ( ! ^ ^ t ^ 

TIME 

/ / / / ^ 
•ATE (SIGNATURE) TIME CEIVE2TOY: (SIGNATURE) TIME 

/|D F I/ZED FOR LABi SOBATORY BY: (SIGNATURE) I n O A T E 
FOR SAVANNAH LABORATORY USE ONLY 

LABORATORY REMARKS 

TIM?, 

c\,— 

CUSJODY INTACT 

YES [ ^ NO 

CUSTODY SEAL NO. S.L. LOG NO 

41313 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

ALYSIS REQUEST AND CHAIN OF CUSTODY RECORD 
NUMBER PROJECT NUMBER PROJECT NAME 

O8.0tjQOl03r00H 

<C"fee,(^^*Z 

5 0 5102 LaRoche Avenue, Savannah, GA 31404 
• 2846 Industrial Plaza Drive, Tallahassee, FL 32301 
r~ l 414 Southwest 12th Avenue, Deerfield Beach, FL 33442 
r~ l 900 Lakeside Drive, Mobile, AL 36693 
I I 6712 Benjamin Road, Suite 100, Tampa, FL 33634 

Phone: (912) 354-7858 
Phone: (904) 878-3994 
Phone; (305) 421-7400 
Phone: (205) 666-6633 
Phone: (813) 885-7427 

Fax (912) 352-0165 
Fax (904) 878-9504 
Fax (305) 421-2584 
Fax (205) 666-6696 
Fax (813) 885-7049 

REQUIRED ANALYSES PAGE OF 

fJT NAME 

Ird^^fiu l^c\r'h 
tJt ADDRESS 

1 2 2 5 Cly 

TELEPHONE/FAX NO. _ 

CITY, STATE. ZIP CODE 

>rLER(S) NAME(S) I ^ 
i-^l >1 

SAMPLING 
\TE TIME 

' I CLIENT PROJECT MANAGER 

STANDARD TAT 

EXPEDITED TAT * 

SAMPLE IDENTIFICATION 
NUMBER OF CONTAINERS SUBMITTED 

REPORT DUE DATE. 

* SUBJECT TO RUSH FEES 

j/ff&Z. 

'1 mR. B-zri) is 

a ICh'5 H - 9 S < 

e iir^ H^lt ^ 

> , > ^A.lr ^2, 4^ 

^1 11: ?o B - I I O S < 

1 1 l̂ io± e-vs 
±̂ l'iU5 H'I3D 

)l. I /HI IS H-CD / 

7^ 

um li'i^S 
IH :6^ H-(oS 

'^1 

•i 
I 7: i c 

nizc ti-HSD A 
'NOUISHED BTi (SIGNATURE) 

n\/EDBY: (SlGI^ATOnt) ^ 

DATE TIME RECEIVED BY: (SIGNATURE) DATE TIME RELINQUjaHED BY: (SIGNATURE) DATE 

/ DATS 

TIME 

J l l l l 
DATE TIME RELINQUiaHED BY: (SIGNATURE) DATE TIME RECEIVED^Y: (SIGNATURE) 

LABORATORY REMARKS 

TIME 

tlVE DJFOR LABOp^TORY BY: (SIG[<ATURE) 

r 
lî TORY BY: (SIG|</ 

FOR SAVANNAH LABORATORY USE ONLY 
DATE 

<9>-)do P w a— 

CUSTODY INTACT 

I YES [ ^ NO 

CUSTODY SEAL NO. i\mz 



SAVANNAH LABORATORIES 
& ENVIRONMENTAL SERVICES, INC. 

ALYSIS REQUEST AND CHAIN OF CUSTODY RECORD 

g 5102 LaRoche Avenue, Savannah, GA 31404 
2846 Industrial Plaza Drive, Tallahassee, FL 32301 

I I 414 Southwest 12th Avenue, Deerfield Beach, FL 33442 
I I 900 Lakeside Drive, Mobile. AL 36693 
I I 6712 Benjamin Road, Suite 100, Tampa, FL 33634 

Phone: (912) 354-7858 
Phone: (904) 878-3994 
Phone: (305) 421-7400 
Phone: (205) 666-6633 
Phone: (813) 885-7427 

Fax (912) 352-0185 
Fax (904) 878-9504 
Fax (305) 421-2584 
Fax (205) 666-6696 
Fax (813) 885-7049 

MUMflFn 1 

) ' 
NT NA 

NT AD 

, 2 - l . 

PROJECT NUMBER PROJECT NAME 

A / L i . O.N 
ME <" TELEPHONE/FAX NO. 

' i . \6 i l . - A - f-^^^f^A Pii.'.^ii 1 
DRESS ' CITY, STATE. ZIP CODE 

irLER(S) NAME(S) 

SAMPLING 

•\TE 

•^h, 

>h2 

•h? 

- r t^ 

•>hz 

•>rn 

hy~ 

•hz 

./"/? 

• h i 

- h •:• 

m 

TIME 

lA:^f 

- ia',-,o 

n :o7 

1.7.-.25 

10:7.^ 

I t ' l l ) 

î> \o 

i'̂ m ,̂ 

[ ^ m 

\^--x^-> 

/ i :o . i 

ir.io 

CLIENT PROJECT MANAGER 

' / 
i 

MATRIX 
TYPE REQUIRED ANALYSES 

W77 0-
Q' / '̂ r / / / O 
/ 5 ' / - c / ' C / 

V0 / 

P • ^.^ 

P-ll 

10-vb 

r-'j :v.i.D 

M - lab 

b ' i-Aa :̂, 

\ - ] - \ ) l> 

^Xn^fe 
h yd£ 

V -16 

S' \ ( .% 
iNQUlSHED BY: (SIGNATURE) 

nvED BY: (SIGNATURE) 

DATE 

DATE 

TIME 

Ll 'M 
' T IME 

^ 

X 

X 

i 
J 

\ 

\ 

y 
X 

X 
K 
X 

/ ' " ^ ^ • 

/ NUMBER OF CONTAINERS SUBMITTED 

>{ 

X 

X 
\ 

i 
X 

< 

JC 

Y 
jf 

X 
X 

RECEmiK) BY: (SIGNATURE) 

'RELIN«(OlSHED BY: (SIGNATURE) 

DATE 

' o A T k 

TIME 

TIME 

FOR SAVANNAH LABORATORY USE ONLY 
FIVEOTftORL/ 

VJ 

\BORATOHY BY; (SIGNATURE) n DATE TIME 

/(P'/f 

CUSTODY INTACT 

(.^'YES NO 

CUSTODY SEAL NO. S.L. LOG NO. 

/ 

PAGE 

1 °'3t 

/ STANDARD TAT 

/ EXPEDITED TAT • 

REPORT nilF DATF 4 | ' 61 '̂ -*-

* SUBJECT TO RUSH FEES 

RELINOUISHEDBY: (SIGNATURE) 

rttCEP^D'&Y: (SIGNATURE) 

DATE 

/ DATE 

TIME 

Z7:P^^ 
TIME 

LABORATORY REMARKS 

J ^ • • - - • : : : • ; • { ; . 

file:///BORATOHY


SAVANNAH LABORATORIES 

& ENVIRONMENTAL SERVICES, INC. 

ALYSIS REQUEST AND CHAIN OF CUSTODY RECORD 

K J 5102 LaRoche Avenue, Savannah, GA 31404 
• 2846 Industrial Plaza Drive, Tallahassee, FL 32301 
I I 414 Southwest 12th Avenue, Deerfield Beach, FL 33442 
I I 900 Lakeside Drive, Mobile, AL 36693 
r~ l 6712 Benjamin Road, Suite 100, Tampa, FL 33634 

Phone:(912)354-7858 
Phone; (904) 878-3994 
Phone; (305) 421-7400 
Phone; (205) 666-6633 
Phone; (813) 885-7427 

Fax (912) 352-0165 
Fax (904) 878-9504 
Fax (305) 421-2584 
Fax (205) 666-6698 
Fax (813) 885-7049 

NUMBER PROJECT NUMBER PROJECT NAME 
MATRIX 
TYPE REQUIRED ANALYSES 

PAGE 
?_ °̂ -_ 

NT NAME 

4-
s s ^ 

TELEPHONE/FAX NO. 

NT ADDRESS CITY, STATE, ZIP CODE m 
'r>LER(S) NAME(S) 

SAMPLING 

ATE TIME 

CLIENT PROJECT MANAGER 

H^oy Co.V 

^̂ y.̂ , '& ; ^ j 

.0 

^ /PJ^F i 
,9/^ ^ 
ff ' ^ P/c?/ 

SAMPLE IDENTIFICATION 

D 
D 

STANDARD TAT 

EXPEDITED TAT 

AU^t3r 
NUMBER OF CONTAINERS SUBMITTED 

REPORT DUE DATE. 

* SUBJECT TO RUSH FEES 

Ji2 Ty.t^^ ^ loiC:) I l_ 
' h t 0-̂ 1'.o 7 U - t o t I X 
h? 

14-.fj) 
^_V-I34S I X 

,Yn- P ^ ^ ' S' ~ I S I X 
H - V, b I 1 

•^h- i 3 \ i h M-io i ; 

^ 
\0 ;^o U - 11 5 

' I i 
/GO: l 4 - \ 4 b 

m-i- i^.o^ H-S: 

>/--.̂  la-.i.S N - p b 

i- i -To 

M O D 
I 

\ l : o o 
-n^^?- r^(AMfc:it 4 

JOyrSHED BVl: (SIGNATURE) 

nvED BY: (SIGNATURE) 

DATE TIME 

LLLL 
INQUISHED BY: (SIGNATURE) 

DATE 

/ D A T E 

TIME RELINQUISHED BY: (SIGNATURE) 

FKTCEIV^ BY: (SIGNATURI 

DATE TIME 

y^r /7''^'' 
lATE TIME TIME URE) TIME 

FOR SAVANNAH LABORATORY USE ONLY 
LABORATORY REMARKS 

i:iVED/»OR LABORATORY BY: (SIGNATURE) V-DATE 

^^/c 

TIME 

H\o'^^ 
CUSTODY INTACT 

[J3<ES • NO 
CUSTODY SEAL NO. S.L. LOG NO. 



QUESpONS? CALL 800-238-5355%LL fREE 

Vow fhone Nl 

AIRBILL 
PACKAGC 
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S C S S O i l S - 3 7 * 
3-75 

Soil Suivsy A r t o : 

Stof»; 

CONVENTIONAL AND SPECIAL 
SYMBOLS LEGEND 

U.5 OtPAITUtNT Of AOtlCj 

SOU coNsnvATioN i t 

Dole: 

DKSCBIPTION 8YWBOL 

C:ULTURAL FEATURES 
•OUMOAMIfl 

•MMoMi. t i m : m g r v x ^ * 

COMMr w • • • • » 

D18CRIFTI0K 8TMBOL 

CULTURAL FEATURES (oont.) 

(••CIlLAMtOMeulTUIIAL r t t T U M l 

DESCRIPTION SYMBOL 

SPECIAL SYMBOLS FOR 
SOIL SURVEY 

MIL OCLIMf ATIOMI AMO M L fTHWXI 

(iCAamcMTt C«A 

« > » • • « • I i a « I 

• i« tf«M asKkrin* 4 iM i lu * * 

»0 MOC •OUMOA«Y I m < 1 

>'»Tf eoo*oiMATt Tie« 
I 8 9 0 OOP T r . T 

I.AMO OlVISlOM COMNfMJ , , 
<MCti«»w tfm tMW fraAii) L— I 

•OAOt 

Ot-t«iri ( M«I«A • 

I I 

1 r 

I MAI* «V«IIV| 

W3A0 Euai.rM« » DCSIOMATIONS 

iMiaralJM 

I.VV* ( l « * e * l » | 

© 

® 

( I I I I I I I I I 11 I I I I I M M 

G : ^ 

V 

WATER FEATURES 
MAlMAaf 

> » — u L l i A t M l>« 

CAWt* «r MtcAM 

•Mtao I m i l • ^ • t w x 

0(AW IRAA ta*«CK (W*Mt MvA • • « • I 

• m T I T I I r U.O»f 

o o t t r 

OCMftUON (Ml va« 

wiet i . iAMiaM 

••.MM 

OtoH • « ana uai lv mm M l arMs 

MMk W t C V t l « l l i «M AAPMIAM AM HM 

i.A«ii. nwo« AW MUMVoaii* 

lll<CIll.AHMU( n T I I I riATUMU 

V . H I H O M M MM 

•fCOHHCMOf0 AS HOC lOi l . r r i M K X t 

0 O) 

Mtrl 
W»T D«»«***—I. 

Lo^my SPOT 

O M A M I C S P V T 

/viiweeAu r?«T 

• 
< 
. • « 

tt 

H 

•%• 



How to use this survey 
Locate your area of interest on the 
"Index to Map Sheets" (page IV of 

. this publication). 

2. 

r 

Note the number of the map 
atlas sheet and turn to that 
sheet. 

Locate your area of interest 
• on the mao sheet. 

\ \ \ V) 
BaC ^ 

A 

V 
{ ' " r 
H-

W . F 

y\ 
/ 

A i B 
^ 

/ c« 

^ ^ 

4. 
List the map unit symbols 
that are in your area. 

Symbols 

^ AsB 
— BaC 
- -Ce 
- F a 
" H a 
^ WaF 
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CALHOJIt COUim, H ICHtSM 
JOB HUmElt; 26035 
PUBLICATION SCALE 1;15,840 
rolMAT 2 I 4 SICTIOMS 

GENERAL HIGHWAY MAP 

CALHOUN COUNT 
MICHIGAN 

STATE HIGHWAY COMMISSION 



Soil Survey Identification Legend 
Calhoun County, Michigan 

December 20, 1991 

Map Unit 
Symbol 

2 
4 
5 
7 
8 
9 
12B 
12C 
12D 
12E 
13B 
13C 
13D 
13E 
14B 
16B 
16C 
16D 
16E 
17B 
17C 
17D 
17E 
21B 
21C 
22A 
23B 
25A 
25B 
25C 
25D 
28B 
29B 
29C 
29D 
29E 
333 
33C 
33E 
38B 
39B 
39C 
39D 
43B 
44A 

(6) 

(IIB) 

(19B) 
(19C) 

Field Name 

Houghton muck 
Adrian muck 
Palms muck 
Houghton muck, drained 
Edwards muck 
Martisco muck 
Coloma loamy sand, 0 to 6 percent slopes 
Coloma loamy sand, 6 to 12 percent slopes 
Coloma loamy sand, 12 to 18 percent slopes 
Coloma loamy sand, 18 to 40 percent Slopes 
Spinks loamy sand, 0 to 6 percent slopes 
Spinks loamy sand, 6 to 12 percent slopes 
Spinks loamy sand, 12 to 18 percent slopes 
Spinks loamy sand, 18 to 40 percent slopes 
Bronson sandy loam, 0 to 6 percent slopes 

0 to 6 percent slopes 
6 to 12 percent slopes 
12 to 18 percent slopes 
18 to 40 percent slopes 
to 6 percent slopes 
to 12 percent slopes 

Boyer sandy loam, 12 to 18 percent slopes 
Boyer sandy loam, 18 to 40 percent slopes 
Leoni gravelly loam, 0 to 6 percent slopes 
Leoni gravelly loam, 6 to 12 percent slopes 
Dowagiac loam, 0 to 2 percent slopes 
Hixton loam, 0 to 6 percent slopes 
Kalamazoo loam, 0 to 2 percent slopes 
Kalamazoo loam, 2 to 6 percent slopes 
Kalamazoo loam, 6 to 12 percent slopes 
Kalamazoo loam, 12 to 18 percent slopes 
Elmdale sandy loam, 2 to 6 percent slopes 

Oshtemo sandy loam, 
Oshtemo sandy loam, 
Oshtemo sandy loam, 
Oshtemo sandy loam, 
Boyer sandy loam, 0 
Boyer sandy loam, 6 

0 to 6 percent slopes 
6 to 12 percent slopes 
12 to 18 percent slopes 
18 to 25 percent slopes 

(41A)(43A) 

Hillsdale sandy loam, 
Hillsdale sandy loam, 
Hillsdale sandy loam, 
Hillsdale sandy loam. 
Riddles loam, 0 to 6 percent slopes 
Riddles loam, 6 to 12 percent slopes 
Riddles loam, 12 to 30 percent slopes 
Glynwood loam, 0 to 6 percent slopes 
Morley loam, 2 to 6 percent slopes 
Morley loam, 6 to 12 percent slopes 
Morley loam, 12 to 18 percent slopes 
Brady sandy loam, 1 to 4 percent slopes 
Mathertoh loam, 0 to 3 percent slopes 



Map Unit 
Symbol Field Name 

45A Sleeth loam, 0 to 3 percent slopes 
46B Crosier loam, 1 to 4 percent slopes 
47B Teasdale sandy loam, 1 to 4 percent slopes 
53A Kibbie loam, 0 to 2 'percent slopes 
58B Blount loam, 1 to 4 percent.slopes 
61 Glendora mucky sand (Algansee?) 
62 Granby mucky loamy sand 
63 Gilford sandy loam 
64 (92) Wallkill mucky loam 
65 Sebewa loam 
66 Sebewa loam, clay substratum 
7 2 Barry mucky loam 
73 Pella silt loam 
78 Pewamo clay loam 
82 Udipsamments and Udorthents, nearly level to 

steep 
8 3 Pits, sand and gravel 
84 Histosols and Aquents, ponded 
85 Histosols and Fluvaquents, frequently flooded 
90B Coloma - Boyer complex, 0 to 6 percent slopes 
90C Coloma - Boyer complex, 6 to 12 percent slopes 
90D Coloma - Boyer complex, 12 to 18 percent slopes 
95B Urban land - Kalamazoo complex, 0 to 6 percent 

slopes 
95C Urban land - Kalamazoo complex, 6 to 12 percent 

slopes 
96B Urban land - Oshtemo complex, 0 to 6 percent 

slopes 
96C Urban land - Oshtemo complex, 6 to 12 percent 

slopes 
96D Urban land - Oshtemo complex, 12 to 18 percent 

slopes 
99 Urban land 
113B Urban land - Coloma complex, 0 to 6 percent 

slopes 
113C Urban land - Coloma complex, 6 to 12 

percent slopes 
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PACT 8 OF 3 

EXPLANATION OF RET PHEASE3 OSED CH SOU tNTZSPttETATIOR UCORDS 

Explanat ion 

ASZA RECLAIM An Area diff icuLc ca rsclaim afear cha ranoTal of so i l for coascruecioa And ocher u a a i . 

CEMENTED ?AN Cemented pan t o o c i o i a t o s u r f a c e . 

COMPLEX SLOPE I r r e g u l a r or v a r i a b l e s lope . Planning or cona t ruc t ing c e r r a c e i , d ive r s ions and water con t ro l laeaaures on a complex 

slope is d i f f i c u l t . 

CUTBANXS CAVE The w a l l s of e x c a v a t i o n a tend t o cave in o r s l o u g h . 

DEEP TO UATEK Deep to pazinanenc w a t e r t a b l e d u r i n g d ry s e a a o n . 

DENSE LAYER A ve ry f i rm , m a s s i v * l a y e r t h a t haa a b u l k d a n a i t y of s o r e t han 1.8 g rana p e r c u b i c c e n t i m e t e r . Such a l a y e r a f 

fects the eaaa of digging and can a f fec t f i l l i n g and conpact ing. 

DEPTH TO ROCK BedrociL coo near to the surface for the s p e c i f i c uae . 

DROUGHTY Soi l s hold too l i t t l e water for p lan t s during dry pe r iods . 

DDSTY Soil p a r t i c l e s detach e a s i l y and cauaa dua t . 

ERODES EASILY Water erodes so i l e a s i l y . 

EXCESS FINES The so i l contains too much s i l t and c l a y . The s o i l does .nbc provide a source of gravel or sand for cons t ruc t ion 

purposes. 

EXCESS HUMUS Too much o r g a n i c m a t t e r . 

FAST INTAKE The r a p i d movement of w a t e r i n t o t h e s o i l . 

FAVORABLE F e a t u r e s of Che s o i l a r e f a v o r a b l e f o r Che i n t e n d e d u s e . 

FLOODING S o i l f l o o d e d by moving w a t e r from s t r e a m o v e r f l o w o r r u n o f f . 

FROST ACTION F r e e z i n g and thawing of s o i l m o i s t u r e . F r o s t a c t i o n can damage r o a d s , b u i l d i n g s and o t h e r s t r u c t u r e s . 

HARD TO PA(X D i f f i c u l t to compac t . 

LARGE STONES Rock f r agment s 3 i n c h e s o r more a c r o s s . Large s t o n e s a d v e r s e l y a f f e c t t h e s p e c i f i e d use of t he s o i l . 

LOU STRENGTH .Vot enough s t r e n g t h to a d e q u a t e l y s u p p o r t Che l o a d . 

MO MATER Too d e e p co g r o u n d w a t e r . 

PERCS SLOWLY The slov movement of water through Che s o i l adverse ly a f fec t ing the spec i f ied use . 

PIPING Weter may ( o n cunnela or p ipe l i ke c a v i t i e a . 

PCHDIHC S t a n d i n g w a t e r on s o i l s in c l o s e d d e p r e s s i o n s . The w a t e r can be removed o n l y by p e r c o l a t i o n o r e v a p o t r a n s p i t a c i o n . 

POOR FILTER Because of r a p i d p e r m e a b i l i t y , t he s o i l may not a d e q u a t e l y f i l t e r e f f l u e n t from a was te d i a p o a a l s y s t e m . 

POOR OUTLETS Difficult or expensive to install oatlets for drainage. 

ROOTING DEPTH S o i l i s Chin over l a y e r t h a t r e e t r i c t s r o o t g rowth . 

SEEPAGE Water moves t h r o u g h s o i l coo f a a t . 

SHRINK-SUELL Soi l expanda s i g n i f i c a n t l y on watt ing and shrinka on dry ing . 

SLOPE Slope i s g r e a t enough c h a t s p e c i a l p r a c c i c e a a r e r e q u i r e d t o e n s u r e s a t i s f a c t o r y pe r fo rmance of the s o i l for a s p e 

c i f i c u s e . 

SLOW INTAKE Water infiltration restricted. 

SLOW REFILL Ponda f i l l slowly because of r e s t r i c t e d s o i l pe rmeab i l i t y . 

SMALL STONES Contains many rock fragmenta l ess than 3 inchea in diameter . 

SOIL SLOWING Soil e a s i l y moved and deposi ted by wind, 

THIN LAYER Inadequate th ickness of s u i t a b l e s o i l . 

TOO CLAYEY S o i l s l i p p e r y and s t i c k y when wet and s l o w Co d r y . 

TOO SANDY Soil soft and looae, droughty and low in f e r t i l i t y . 

'INSTABLE FILL Banks of f i l l s l ike ly to cave or slough. 

WETNESS S o i l wet d u r i n g p e r i o d of u s e . 

nsiiA-scs-«ica 2273B 3-86 



HI 0028 S O I L I N T E R P R E T A T I O M S R E C O R D ADRIAM SERIES 

MLRA(S): 95B, 97, 98, 99, 101, 103, 105, 100, 140, 148 
REV. LU8, 7-49 
TERRtC HEOISAPRISTS, SAHOr OR SAMOT-SKELETAL, MIXED, EUIC, MESIC 

THE AORIAM SERIES CONSISTS OF VERY POORLY ORAINEO SOILS F0RH60 IN DEPOSITS OF ORGANIC MATERIAL OVER SAMOT SEOIMCNTS IN 
QEPRESSIONAL AREAS WITHIN LAKE PUINS, TILL PUIMS AND MORAINES. THE SURFACE SOIL IS SUCK M U a 3^ INCHES THia. THE 
SUBSTRATUM IS SAAY MOTTLED SAND. SLOPES ARE 0 TO 2 PERCENT. MOST AREAS ARE IN NATIVE VECETATIOtt. 
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MIQ173 S O I L I N f E S P S t r A .% i W -I A -

ML? : S ) : 90, 91, 96, 97, 98, 99, 103, 104, 105 
SE\ L'JB, 1-91 
ACLlC L'OIPSAMMENTS, MIXED, MEStC 

-•̂ e ALGANSEE ScSIES CONSISTS OF VERY DEEP, SOMEWHAT POORLY DRAINED SOILS FORMED IN SANDY ALLUVIUM ON 3OTTCMLAN0S. THE 
i U S F - " I.AYES iS 7ESY DARK GRAYISH 3R0UN LOAMY SAND 10 INCHES THICK. THE SUBSTRATUM IS GRAYISH 3R0UN, 3RC'-N A M Q VE.^Y 
GSA- ?U0N FINE SAND AND SAND. SLOPES RANGE FROM 0 TO 4 PERCENT. MOST AREAS ARE USED FOR UOODLANO OR PASTURELAND. 
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MI 0035 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S) : 9 7 , 9 8 , 9 9 , 1 1 1 , 95B BARRY SERIES 
REV. LUB 3-87 
TYPtC ARdlAOUOLLS, FINE-LOAMY, MIXED, MESIC 

THE 3ARRY SERIES CONSISTS OF POORLY DRAINED SOILS FORMH) IM CALCAREOUS SANDY LOAM GLACIAL TILL ON NEARLY LEVEL PARTS ANO 
IN DEPRESSIONS OF TILL PUINS AND MORAINES. THE SURFACE LAYER IS VERY DARK GRAY LOAM 11 INCHES THICK. THE SUBSOIL IS 
GRAY ANO GRAYISH BROWN MOTTLED LOAM ANO SANDY CLAY LOAM 25 INCHES THICK. THE SUBSTRATUM IS BROUN MOTTLED SANDY LOAM. 
SLOPES RANGE FROM 0 TO 3 PERCENT. MOST AREAS ARE USED FOR CROPLAND. 
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SWELLINGS 
WITHOUT 
BASEMENTS 

DWELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROADS ANO 
STREETS 

LANDSCAPING 
AND GOLF 
FAIRUAYS 

SkVbHE-»^NDING 

'SEVCRE-PON0IM& 

SbVbHI:-PONDING 

5EGinHAL INTERPRETATIONS 

ROADFILL 

SAND 

GRAVEL 

TOPSOtL 

CONSTRUCTION MATERIAL 
t»UD«-UtlNESS ..-.--

IHPRDBABLb-EXCtiiS MNE5 

POOR-SHALL SrONE5;UErNb5S 

WATER MANAGEMENT 

P 0 » 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES AND 

LEVEES 

EXCAVATED 
PQNOS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
AND 

DIVERSIONS 

GRASSED 
WATERWAYS 

SEVERE-SEtPAGE 

SEVERE-THIN LAYER,PONDING 

HODERArE-SLDU KEMLL 

L.SIL: PONDING 
SL,FSL: PONDING,SOIL SLOWING 

L,!>1L: PONDING 
SL,FSL: PONDING,SOIL BLOWING 

wb1Nba^ 

http://IJ.7U-U.1J


IL0014 S O I L 

97, 98, 99, 108, 110, 111 

I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 95B. 97, 98, 99, 108, 110, 111 BLOUNT SERIES 
REV. JWS, 5-4a 
AERIC 0CHRAOUALF5, FINE, ILLITIC, MESIC 

THE BLOUNT SERIES CONSISTS OF SOMEWHAT POORLY ORAINEO SOILS FORMS) IN GUCIAL TILL. THE SURFACE LAYER IS DARK GRAY SILT 
LOAM 7 INCHES THICK. THE SUBSURFACE LAYER IS GRAYISH BROWN SILT LOAM 3 INCHES THia. THE SUBSOIL IS LIGHT YELLOWISH 
BROUN, YELLOWISH BROWN ANO LIGHT BROWNISH GRAY SILTY CLAY LOAM ANO SILTY C UT 22 INCHES THICK. THE SUBSTRATUM IS LIGHT 
YELLOWISH 3R0WN SILTY CUY LOAM. SLOPE RANGES FROM 0 TO 7 PERCENT. AREAS ARE USED FOR CROPLAND. 

DWTIT 
( I N . ) 

biJil'HAIbU SOIL PHOfbHUer 
PERCENT OF MATERIAL LbS^S 

THAN 3» PASSING SIEVE NO. 
LIOUIO" 

LIMIT 
PUS-
TICITY 
INDEX 

T F T O 
0-10 

10-25 
25-32 
32-60 

USOA TEXTURE UNIFIED AASHTO 
Twcr 
>3 IN 
(PCT) 

3» PASS» 
'T' iu 4 I 1U 1 UJ I 200-

Ti-IDU'iA-lUO W-IUO'a]-'.'!) 
95-100 95*100 90-100 80-95 
95*100 90-100 80-90 75-85 
95-100 90-100 80-90 70-90 
90-100 90-100 80-100 70-90 

30-45 
35-60 
35-55 
30-45 

a-i i i 
15-25 
15-35 
10-30 
10-25 

TTcrr 
sicC 
s icL, SIC, a 
SICL, CL 
SICL, CL 

c t 
CL 
CH, CL 
CL, CH, ML, MH 
CL 

TTST 
A-6 
A-7 
A - 6 , 
A - 4 , 

A - * 
A-7 
A-6 
A-7 
A-7 

0-5 
0-5 
0-5 
0-10 

OEPTff 
( I N . ) 

CCTT 
(PCT) 

5HR1HK-
SWELL 

POTENTIAL 

Einsnsr 
FACTORS 

1 -

wrwr 
ERCD. 
GROUP 

OgCAHIC 
MATTER 

issaasmtr 

0-10 
10-25 
25-32 
32-60 

DENSITY 
(G/CM3) 

i;ib-1.55 
1.40-1.60 
1.40-1.70 
1.50-1.70 
1.60-1.35 

PERHEA-
siLin 

AVAILABLE 
WATER CAPACITY 

(IN/ IN 

SOIL 
REACTION 

5.1-7.3 
4.5-6.5 
6,1-7.3 
7.4-8.4 

(MMHOS/CM) 

2-3 

i i ibbL imwatETg 
TTTTS imar 7ZT7 

27-30 
35-50 
27-38 
27-38 

0.2-0.6 
0.06-0.6 
0.06-0.6 
0.06-0.6 

g:zg-q.2t 
0.18-0,22 
0.12-0.19 
0,12-0.19 
0.07-0,10 

MODERATE 
MODERATE 
MODERATE 
MODERATE 

l-LUODING HIGH U A T E R rTBCg CEHEHTEP PAW 
ObPIHIHABUHtSii 
( I N ) 

dEOHOLT SUBBIOENCE' ITYir 
GRP 

POTEHT'L 
FROST 
ACTION rKbUUbNi:? •UURAI lUH TOBTHr 

UbfTH 

THF 
-rnar 

PbRCHEO 

HONrHS 

JAN-HAY 

T J E P n r 

i>60 

HARUHtiiS N I M ' I O I A l 
( I N ) 

TNTl 
( I N ) 

Tmnr 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
UbVkftE-UeTNESS,PERCS 5L0ULY 

^-UUK-WblNb^iS 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DUELLINGS 
WITHOUT 
BASEMENTS 

DUELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROADS AND 
STREETS 

LANOSCAPtNG 
AND GOLF 
FAIRUAYS 

SEVbRE-UETNESS 

iltVkRE-UETHESS' • • • - • . 

• iEVkHE-UErHESS ' -..-... 

^bVLRE-Ut-TNESS 

ilbVt«E-L0WSIHfcNGTH,fROSr ACTION 

.MOUERXrP-UilNfcb'S • 

' KEC.'ONAL INTERPRETATIONS 

ROADFILL 

SANO 

GRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
POOR-LOU !>IUbNUIH 

IHPHUBAULb-bXCbSS MNtB 

WATER MANAGEMENT 

POND 
RESERVOIR 

AREA 

EMBANKMENTS 
OIKES ANO 

LEVEES 

EXCAVATED 
PONDS 

AOUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
ANO 

DIVERSIONS 

GRASSED 
WATERWAYS 

U-iX: SLIUHI 
3-A: MODERATE-SLOPE 

.HODERATE-PIPI NG, UETIJESS 

SEVbKb-NO UAIbH 

U-iX: PERCS SLOWtTFROST"ACTIDW 
3*X: PERCS SLOWLY,^ROST ACTION,SLOPE 

U-iS: UEINbSS.PERCS SLOWLY 
3-̂ X: SLOPE,WETNESS,PERCS SLOWLY 

bRODbS bASlLr,UEr«E!.'il,PbKC!i S'LUWLT 

UtlNbS!i,bHUDk!i EASILY,«00I INU ObPIH 



N10032 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S) : 9 0 , 9 1 , 95A, 9 5 B , 9 6 , 9 7 , 9 8 , 9 9 , 111 BOYER SERIES 
REV. LWB. 2-89 
TYPIC HAPLUOALFS, COARSE-LOAMY, NIXED, MESIC 

THE BOYER SERIES CONSISTS OF WELL DRAINED SOILS FORMED IN LOAMY ANO SANDY GLACIOFLUVIAL DEPOSITS OH OUTVASH PLAINS, 
VALLEY TRAINS, DELTAS ANO MORAINES. THE SURFACE LAYER IS DARK GRAYISH BROUN LOAMY SANO 7 INCHES THICK, THE SUBSURFACE 
LAYER IS 3R0WH LOAMY SANO S INCHES THICK, THE SUBSOIL IS YELLOUtSH 3R0UM LOAMY SANO IN UPPER 6 INCHES AND DARK BROWN 
SANDY LOAM ANO SANDY C U Y LOAM IN LOWER 16 INCHES, THE SUBSTRATUM IS GRAYISH BROWN GRAVEL AND COARSE SANO. SLOPES RANGE 
FROM 0 TO 50 PERCENT. HOST AREAS ARE USED FOR CROPLAND. 

biillHAIbU MIL PWJWtmibrTT 
remr 
( I N . ) 

PEBCEUT OF W r m A l LbMI LIOUIO 
LIMIT 

PU5-
Ticin 
INDEX 

0-7 
0-7 
7-18 

18-3* 
34-60 
OEPTir 
( I N . ) 

USOA TEXTURE UNIFIED AASNTO 
Rxcr 

>3 IN 
(PCT) 

3«rw-
45-85 

90-100 7?-95 65-95 
89-100 60-95 30-8S 
80-100 60-95 35-90 
40-95 30-88 20-60 

<2S 
<2S 
<20 

20-30 

LS, LfS 
SL, FSL 

LS, GI-LS, FSL 
SL, L. G « - s a 

•car 
<PCT) 

0 - 7 
a - 7 
7-18 

13-34 
34-60 

-U:TTT 
5-15 
7-15 
2-15 

10-18 
0-10 

HBl i>^gUU 
DENSITY 

r3!rT.__ 
1.30-1.60 
1.30-1.60 
1.30-1.60 
1.35-1.60 
1.40-1.55 

FLOODING 

"vamx 
8IL1TY 
(IN/HR) 

SH, 5P-5N 
SM, SM-SC 
CL-ML, NL, SM, SM-SC 
SM, SM-SC, NL, a - N L 
SC, SM-SC, a . a - N L 

WATER CAPACITY 
(IN/IN 

k ' i , A-1 
A -2 ; A -4 , 
A-4 
A - 2 , A -4 , 
A-2 A-4 
A-1 A-2 

-s*r 

f ^ 
T t 

REACTION 

,6-7.3 
,6-7.3 
,6-7.3 
M-7.a 

A-1 

A-1-B 
A-1-B 
A- " 
SAL J11 n 

(MHOS/CM) 

Tr=7 
0-5 
0-5 
0-5 
0-5 
0-10 

90-100 75-95 

w i T w r 
SUiLL 

POTENTIAL 

T8T1# n a s r m 
F A S T M S EROO 

20-50 
45-75 

;?:'7i 
0-10 wcAJiie 

MATTER 
(PCT) 
t5=r 
. 5 - 3 
. 5 - 3 

CBRBRTTT 

N P ^ 
NP-7 
NP-7 
HP-4 

5-10 
HP 

•STB IF UJ imb Ib 
HCDERAlb 

2 .0 -6 ,0 
2 ,0 -6 ,0 
2 ,0 -6 .0 
2 .0 -6 .0 

>20 

•u.ua'-u.iz 
0,11-0,15 
0,15-0,18 
0.08-0.16 
0.11-0.13 
0 02-0.04 7 .4 -8 .4 

-COB-
LOW 
LOU 
LOU 
LOU 
LOW 

BUBSlDbHCb TTTTT 
GRP 

W l b H I ' L 
FROST 
ACTION l-HbUUbNL7 

MONE 
ouwi ia i Twrrnr 

OtPIH 

sm 

HIGH UAIER r f f i f f 
I UNO T W 

T g C T 
DEPTIT 
SJJil 

TED PAH 

mnoHEsr DEflH 
( IN) 

BEPHOCT' 

•sar 

RnaniESS' 
( IN) 

TOTHC 
( IN) 

HCDERArE >g7 

SANITARY FACILITIES 
U-I5X; !ikVERb-Wm MLIbH 
M*X i SEVERE-POOR FILTER,SLOPC 

CONSTRUCTION MATERIAL 

SEPTIC TANK 
ABSORPTION 

FIELDS 

TTTTrSETBlFSEEraa 
7*%: SEVERE-SCEPACe,SLOPE 

ROMFIU 

u-13*; 
15-2SX: FAIR-SLCPC 
ZS*Xs POOR-SLOPC 

PRumm 
SEWAGE 
LAGOON 
AREAS 

SANO 

J - l i X i i ibVEHb-SbbPAUt- IUD SANOT 
1S-»X: SEVERE-SEEPAGE, SLOPE, TOO SANOY 

PHUUABLb 
SANITARY 
LANDFILL 
(TRENCH) 

GRAVEL 

U - I 5 X ; i i tVERE-Sl ibPAGt 
15-»X: SEVERE-SEEPAGE,SLOK 

\ } - \ b X : m j H - S H A L L SIDNtS-AHEA P E C U I H 
15-»X: POOR-SMALL STONES,AREA RECLAIM,SLOPE SANITARY 

LANDFILL 
(AREA) 

TOPSOIL 

DAILY 
COVER FOR 

LANDFILL 

t U J K - ! » t b P A g t , I O D 5AHDT,iJWLL iJIUWiM 

8 U I L 0 I N 0 SITE OEVELOPMCNT 
J - ' 1 5 l : SkVERE-OrrBANKS CAVE 
1 5 * X : SEVERE-OJTBANKS CAVE,SLOPE 

POND 
RESERVOIR 

AREA 

WATER MANAGEMENT 
U-aX l S t V E H t - S b b P A U t — 
a»X: SEVERE-SEEPAGE,SLOPE 

•SEVEmrSEEPTOT 
SHALLOW 

EXCAVATIONS 

OUELLINCU 
WITHOUT 
BASEMENTS 

EMRANXMNTS 
OIKES ANO 

LEVEES 

U-BX! 5LI6>n ~ 
8-15X: MODERATE-SLOPE 
M*X: SEVERE-SLOK 

EXCAVATB) 
PQNOS 

AQUIFER FED 

aVtRt-HB UATER 

J-8X! SLIGHT 
3-15Xt MODERATE-SLOPE 
IS^X: SEVERE-SLOPE 

U b U IB UAIER 
DWELLINGS 

WITH 
BASEMENTS 

ORAINAGB 

J-4t; SLIGHT 
4-3X: MODERATE-SLOPE 
8*X: SEVERE-SLOPE 

J-iX SL.'SL.L: DROUGHTY 
3*X SL.fSL.L: SLOPE.DHOUGHTY 
0-3X LS.LFS: DROUGHtY,FAST INTAKE 
3*X LS,LfS: SLOPE,DROUGHTY,FAST INTAKE 

SMALL 
COMMERCIAL 
BUILDINGS 

IRRIGATION 

U-BXJ !>LiCHI 
8 - 1 5 X ; MODERATE-SLOPE 
15-»X: SEVERE-SLOPE 

U-8X L: lUU \HW1 
a«X L: SLOPE,TOO SANOY 
0-8X LS.LFS.SL.FSL: TOO SANOY.SOIL BLOWING 
8*'X LS,LFS,iL.FSL: SLOPE,TOO iANOY, 

SOIL BLOWING 
axi 

LOCAL 
ROAOS ANO 
STREETS 

TERRACES 
ANO 

OtVCRSIONS 

LAUN5, 
UNOSCAPING 

ANO GOLF 
FAIRWAYS 

U-aX! WJJtHATb-URCUCHIT 
3-1SX: MGOERATE-OROUGMTY,SLOPE 
1S«X: SEVERE-SLOPE 

"UHOUUHIT-
SLOPE,DROUGHTY GRASSED 

WATERWAYS 

0 

^hmUNAL I N T b R P B E T A I I B N r 



MI0025 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S) : 9 7 , 9 8 , 9 9 , 1 0 4 , 1 0 5 , 1 0 8 , 111 BRADY SERIES 
REV. Lia, 1-89 
AQUOLLIC HAPLUOALFS, COARSE-LOAMY, MIXED, MESIC 

THE BRADY SERIES CONSISTS OF SOMEWHAT POORLY ORAINEO SOILS FORMED IN SANOY GLACIOFLUVIAL DEPOSITS ON QUTUASN PUINS, 
VALLEY TRAINS AND UKE PUINS. THE SURFACE UYER IS VERY DARK GRAYISH BROWN SANOY LOAM 9 INCHES THia. THE SUBSURFACE 
LATER IS GRAYISH BROUN SANOY LOAM 4 INCHES THICK. THE MOTTLED SUBSOIL IS BROWN SANDY LOAM IN UPPER 10 INCHES, DARK 
YELLOWISH BROUN SANOY LOAM IN NEXT 14 INCHES ANO DARK BROWN LOAMY SANO IN LOWER 19 INCHES. THE SUBSTRATUM IS BROUN 
MOTTLED GRAVELLY COARSE SANO. SLOPES RANGE FRON 0 TO 6 PERCENT. CROPUNO IS THE MAIN USE. 

bUllHAIbU SOIL PHOWRUbS (A) 
DEPTIT 
(IN.) 

TOTCT 
>3 IN 

PERCENT OF MATERIAL LbSS 
THAN 3" PAJSSING Sir 

UTHJTir 
LIMIT 

PLAS-
TICITY 
INDEX 

-ITT-
0-9 
0-9 
9-37 

37-56 
56-60 

USDA TEXTURE 

SL, P5L 
L, SIL 
LS, LFS 
SL, SCL, G«-SL 
LS, SL 
GR-S. COS, G 

UNIFIED 

W , SM-SC, HI, a-w. 
ML, CL-ML, SM, SM-SC 
SM, SM-SC, SP-SM 
SM, SC, ML, a 
SM. SC, SP-SM, SM-SC 
SP. SP-SM. GP. GP-GM 

AASHTO 3" PASSING SIEVE NO 

Fl* M - <WT^PrrW.' *'JH-LI VS-100'/5-1U0 45-85 iU-ss 
95-100 75-100 65-95 45-85 
95-100 75-100 35-80 10-35 
85*100 60-100 35-90 20-55 
95-100 75-100 35-70 10-40 
40-95 30-85 20-60 0-10 

<25 
<2S 

15-55 
<30 

NP-7 
NP-7 
NP-15 
NP-10 

NP 
DEPTIT 
( I N . ) rorr 

(PCT) 

HOI ST BULK 
DENSITY 
(C/CM3) 

1.it)-1.S!) 
1.3S-1.55 
1.35-1.55 
1.35-1.55 
1.35-1.50 
1.40-1.50 

PtWKA 
9ILITY 
(IN/HR) 
J.U-6.0 

AfalUUtLE 
WATER CAPACin 

(IN/IN 

A-Z, A-4 , A-1 

A - 1 , A-2 
A-2 , A-4 , 
A-2 A-4 , 
A - l ! A-3 

A-4 , A-1 
A - l 
A-2-4 

' sAiimrr 
(N«HOS/CM) 

0-5 
0-5 
0-5 
0-5 
0-5 

BHBlHr-' 
SWELL 

POTENTIAL 

EROSIOM WIHB 
FACTORS EROO. 
' T r ~ r ^ l G R O U P 

oRonrrr 
MATTER 

(PCT) 

REWTTTIT 

nr9-
0-9 
0-9 
9-37 

37-56 
56-60 

•7=17 
7-15 
2-15 
5-22 
5-20 
0-10 

2 .0-6 .0 
6.0-20 
2 .0 -6 .0 
2 .0 -6 .0 

>20 

% U.'12-U.16 
0.20-0.22 
0.08-0.12 
0.12-0.17 
0.08-0.13 
0.02-0.04 

TT 
REACTION 

PH) 
TDtr 
LOW 
LOW 
LOU 
LOW 
LOW 

:2ir 
.28 
.17 
.24 
.20 

2-4 
2-4 

!;ibbL ILUWCRETE 
l o t iHepbinrrE 37T=7T3^ 

5.1-7.3 
5.1-7.3 
5.1-6.5 
5.1-7.3 
6.6-8.4 

HIGH UATER TABLE TSBElT TE8 V h V 
HARDNESS 

BEPBOOt" SUBSIDENCE 
GRP 

POI'bHI'L 
FROST 
ACTION 

I-LUUDINQ 

MONE 
'DUHAnON WHIH5 ayiw t l N D IHUHIHS 

l!5-J.UlAPPARkHtlWUV-HAT 

TJEPTir 
( I N ) 

OEPIH 
( IN) nnanEss' I N l I . 

( I N ) 
I l U I A L 
( IN ) 

SANITARY FACILITIES 
SEVERE-UETNES5 

eoMSTRiJcrioN MATERIAL 
" n m n c n c s r 

SEPTIC TANK 
ABSORPTION 

FIELDS 

'SETERE^SEEPXGETIJETIiesr' 

RQWFILL 

PHUIAHU 
SEWAGE 
LAGOON 
AREAS 

SANO 

<;bVEKb-SLt l 'AU: ,Ub lNtSS PNUUULb 
SANITARY 
LANDFILL 
(TRENCH) 

GRAVEL 

SANITARY 
UNOFILL 

(AREA) 

• S E T E S n E E P r a E T B E T U E S r POOR-SMALL STONES 

TOPSOIL 

PUUI-UtlWtlUi,IHIH UTEH 
DAILY 

COVER FOR 
LANDFILL 

BUILDING SITE DEVELOPMENT 
•SEVERE-tajTBANHS CAVE,UEIHE5S 

PONO 
RESERVOIR 

AREA 

WATER MANAGEMENT 
SEVERE-SEEP AQ: **=" 

SEVERE-PtPIHC,UETNE5S' 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
OIKES AND 
LEVEES 

•S tVbHE-UHNbSS stvmii-ajiHAHia cxvg 
DWELLINGS 

WITHOUT 
BASEMENTS 

EXCAVATB) 
PONDS 

AQUIFER FED 

•SEVEirE=WTUESr U-3X! I-HUSI AUMUR 
3'^X: FROST ACTION,SLOPE DWELLINGS 

WITH 
BASEMENTS 

DRAINAGE 

^bVbHb-UklNbSS I J - r t S L . F S L , L . S I L ; UETNESS 
3*t SL.FSL.L.SIL: SLOPE.WETNESS 
0-3X LS,LFS: UETNESS.FAST INTAKE 
3*X LS.LFS: SLOPE,WETNESS,FAST INTAKE 

SMALL 
COMMERCIAL 
BUILDINGS 

IRRIGATION 

LOCAL 
ROAOS ANO 
STREETS 

TETERE^TRDST-TCTTOR— 
TERRACES 

AND 
DIVERSIONS 

L,!;iL: WETNESS 
SL,FSL,LS.LFS: WETNESS,SOIL SLOWING 

— u i a t T , — 
LANDSCAPING 
ANO GOLF 
FAIRWAYS 

HUJbMAIb-UklHbSS 
GRASSED 
WATERUAYS 

UEINES5' 

•REGIONAL INIERPRETATIOHS-



MI0060 S O I L I N T E R P R E T A T I O N S R E C O R D 

.MLRA(S): 97, 98, 99 , 111 BRONSON SERIES 
REV. LW8. 11-87 
AOUIC HAPLUOALFS, COARSE-LOAMY, MIXED, MESIC 

THE BRONSON SERIES CONSISTS OF MODERATELY WELL DRAINED SOILS FORMED IN LOAMY ANO SANOY GUCIOFLUVIAL DEPOSITS ON OUTUASH 
PLAINS, VALLEY TRAINS AND MORAINES. THE SURFACE UYER IS VERY DARK GRAYISH BROWN SANDY LOAM 9 INCHES THICK. THE 
SUBSURFACE UYER IS YELLOWISH BROWN SANOY LOAM 11 INCHES THICK. THE SUBSOIL IS STRONG BROWN SANOY LOAM IN UPPER 9 
INCHES, STRONG BROUN MOTTLED SANDY C UY LOAM IN NEXT 14 INCHES, ANO YELLOWISH BROUN MOTTLED LOAMY SANO IN LOWER 13 
NCHES. THE SUBSTRATUM IS PALE BROWN SAND. SLOPES RANGE FROM 0 TO 7 PERCENT. MOST AREAS ARE USED FOR CROPUNO. 

BEPTIT 
( I N . ) 

•bSMHAfbD UOIL P H O P h g n r r 
PERCENT Uy MATERIAL "LESS ' 

THAN 3 " P A S S I N f l S I E V E NO 
* — < ^ 9 r ^ ~ l I I ^ l ~ J l l l l 

LIBUIO' 
LIMIT 

PTJkS-
TICITY 
INDEX 

ITTTr 
• 0-20 
20-43 
43-54 
54-60 

USDA TEXTURE UNIFISI AASNTO 
TRJtCT 
>3 IN 
(PCT) 4 1 1U I ^UJ 1 2 0 0 " 

95-lUU'W-IUO i5- /U '25-4U 
95-100 90-100 45-75 10-30 
80-95 60-90 35-85 20-50 
80-99 60-90 30-70 10-25 
40-90 3S-8S 20-40 O-IO 

<25 
20-30 
<20 

•RPST-
NP-7 

4-11 
NP-4 

NP 

SC 
LS 
SL, SCL, GR-SL 
LS, GR-LS 
S, GX-S, GXV-S 

SH, SM-SC 
SM, SP-SM, SM-SC 
SC, SM-SC 
SM, SP-SM 
SP, GP, SP-SM, GP-GM 

A-2 
A-2 
A-2 
A-1 

TP7-
A-1 
A-4, 
A- l 
A-2, 

A-4, A-l 

A-3 

0-5 
0-5 
0-5 
0-10 

OEPTff 
( I N . ) rorr 

(PCT) 

HOIST BUUg 
DENSITY 

Tf§mo-
1.30-1.60 
1.35-1.60 
1.35-1.60 
1.S0-1.65 

PERWEA-
BILITY 
(IN/HR) 
2.U-6.a 
6.0-20 
2.0-6.0 
6.0-20 
6,0-20 

AVAlLABLk 
WATER CAPACIT 

SALIHin" 
(MMHOS/CM) 

5 H R I H K -
SWELL 

POTENTIAL 

EROSIOM 
FACTORS 

yiwr 
EROO, 
GROUP 

ORGANIC 
MATTER 

' O a R R O S I V I T T 

! J l b b L | i :UNCRETF 
-1PW 

0-20 
20-43 
43-56 
56-60 

2-12 
10-20 
0-10 
0-5 

SOIL 
REACTION 

(PHL Totr 
LOW 
LOW 
LOW 
LOW 

.5-3 
LOU iHODERXTE U,13-U.1b 

0.10-0.12 
0,12-0,18 
0,04-0,08 
0,02-0,04 

s . i - r . j 
5,1-7.3 
5.1-7.3 
5.1-7.3 
7.4-8,4 

I-L00D1N6 

l-REOUl-HCT 
NONE 

umwi i m f HOHfHS 
DbflH 

HIGH uAiER n r e c g 

rHn h 
Tmr 

APPARENT 

H0HIH5 

HOV-HAY 

CEHERTED PUff 
UbPIHIHAUDNbSS 
1 IN2 

SEDRonr 

( IN ) 

SUBSlDbNCb 
N I L I I Q I A L 

( I N ) ( IN ) 

T?TTT 
GRP 

POr&NI'L 
FROST 
ACTION 

HHiH >5u 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
UGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
UNOFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 

S'k VEHE-SEEPAUb, UE r NbSS 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DUELLINGS 
WITHOUT 
BASEMENTS 

OWELLIHGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROAOS ANO 
STREETS 

LAUN5, 
LANOSCAPtNG 

ANO GOLF 
FAIRWAYS 

SEVERE-OJTBANKS CAVE,UETNESS 

J-4X: HODERArE-UETHESS 
4-7X: MODERATE-WETNESS,SLOPE 

^LiUHl 

KEGIONAL INTERPRETATIONS 

ROADFILL 

SANO 

GRAVEL 

TOPSOIL 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
OIKES ANO 

LEVEES 

EXCAVATED 
PONOS 

AOUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
ANO 

DIVERSIONS 

GRASSED 
WATERUAYS 

CONSTRUCTION MATERIAL 
hAIR-UEFHESS 

PROUAHU: 

WATER MANAGEMENT 
SEVERE-SEEPAGE 

SEVbRk-rHIN LAYER 

U-iX: PROST ACTIOH.LDTBANRS W V E 
3*X: FROST ACTION,SLOPE,CUTBANKS CAVE 

U-iZ 3L; UETNESS-SOIL SLOUrNC 
3fX SL: SLOPE,WETNESS,SOIL BLOWING 
0-3X LS: WETHESS.FAST INTAKE,SOIL 3L0UIHG 
3*X LS: SLOPE,UETNESS,FAST INTAKE 

UblNb!>S,!i01L ULUWINU 

rAVUKAHLt 



S O I L I N T E R P R E T A T I O N S R E C O R D 

COLOMA SERIES 

WI0181 

MLRA(S): 91, 97, 98, 95A, 958 
REV. DEJ.FLA, 5-38 
ALFIC UDIPSAMMENTS, MIXED, MESIC 

THE COLOMA SERIES CONSISTS OF EXCESSIVELY DRAINED SOILS FORMED IN SANDY DRIFT ON UPUHOS. THE SURFACE UYER IS VERY DARK 
3R0UN LOAMY SANO 4 INCHES THICK. THE SUBSURFACE LAYER IS DARK BROUN AND STRONG BROUN SANO 35 INCHES THICK. THE NEXT 
LAYER IS LIGHT BROUN SANO WITH THIN STRATA OF BROUN LOAMY SANO. SLOPES RANGE FROM 0 TO 45 PERCENT. AREAS ARE USED FOR 
WOOOUNO, ANO PASTUREUNO. 

DETmr 
(IN.) 

bSllHAIbU !JOtL PHUPEHTIES (A 
PERCENT OF MATERIAL LESS ' 
THAN 3" PASSING SIEVE NO. 

LIMIT 

-IFT-
0-4 
4-39 

39-60 

USOA TEXTURE UNIF IED AASHTO 
•mrr 

>3 IN 4 I i u I 4u I z m ~ 
/*)-1UU'/?)-lUU'bU-yU 'l!>-laU 
75-100 75-100 50-70 2-15 
75-100 75-100 50-75 2-30 
75-100 75-100 50-100 2-40 

HLAS-
TICITY 
INDEX • w 

NP 
HP 
NP 

TS 
s 
S, LS 
SR-S-SL 

SH 
SP, SM, SP-SM 
SP, SM, SP-SM 
SP, SM, SP-SM 

A-2 , A-4 
A-2 A-3 
A - 2 , A-3 
A - 2 , A -3 , A-4 

0-8 
0-8 
0-8 

OEPTff 
( I N . ) 

umir 
ERGO. 
GROUP 

ORGANIC 
MATTER 

(PCT) 

C0RRDST7TTT rorr 
(PCT) 

- T X ~ 
0-4 
A-39 

39-60 

Hoisr auLU 
DENSITY 
CG/CM3) 

PERHEA-
BILITY 
(IN/HR) 

AVAlUttLE 
UATER CAPACITY 

(IN/IN) 

SOIL 
REACTION 

(PtO 

SALINITY 
(MMHOS/CM) 

5NRINK-
SWELL 

POTENTIAL 

EROSION 
FACTORS 
T 
TTT 
.15 
.15 
.15 

STbbL" 
LUW 

LTINCKb I b 
MODERATE 

0-10 
0-10 
2-12 

i ; j b - 1 . ^ b 
1.35-1.65 
1.35-1.65 
1.50-1.65 

,u-«:u 
6 .0-20 
6 .0-20 
6 .0-20 

u;u8-u.i2 
0.05-0 .09 
0 .05-0 .12 
0 .03-0 .08 

u.i-r.i 
4 . 5 - 7 . 3 
4 . 5 - 6 . 5 
4 . 5 - 6 . 0 

•ratr 
LOU 
LOU 
LOU 

<1 

SUBSIDENCE TYO' 
GRP 

POTENT". 
FROST 
ACTION 

SLOODING 

NONE -
JUKAMON wow IHS 

DEPTH 
1£L 

HIGH UAIER n tBTg 
TTTID—IHONIHS 

CEHEHTED PAN" 
TJEimT 
( I N ) 

HARDNESS 
SEOROCK 

DEPTH {HAHUNbS!> 
( I N ) 

vrri 
( I N ) 

r o T J i r 
( I N ) 

roo->67 

• SANITARY FACILITIES 
U-liX: SbVbRE-POOR FILTER 
15fX: SEVERE-POOR FILTER,SLOPE 

CONSTRUCTION MATERIAL 
0-lbX: GOOD 
15-2SX: FAIR-SLOPE 
2S*X: POOR-SLOPE 

SEPTIC TANK 
ABSORPTION 

FIELDS 
1 

U-/t; SEVERE-SEEPAGE 
7*X: SEVERE-SEEPAGE,SLOPE 

ROADFILL 

PROBABLE 
SEWAGE 
LAGOON 
AREAS 

SANO 

J- Ib^.:'ibVbHb-sbbPAUb.lOO SANDY 
IS-il: SEVERE-SEEPAGE, SLOPE, TOO SANDY 

IMPROBABLE-100 SANUY 
SANITARY 
LANDFILL 
(TRENCH) 

GRAVEL 

. J - l b X : SEVERE-SEEPAGE 
1 5 * X : SEVERE-SEEPAGE,SLOPE 

U - l b X ; POOR-TOO SANDYJHALL STONES 
1 5 * S : POOR-roO SANOY,SMALL STONES,SLOPE SANITARY 

LANDFILL 
(AREA) 

TOPSOIL 

u-ibX: Ĵ̂ Ĵ Ĥ i»bbPÂ b,l̂ u SANUT 
15*X: POOR-SEEPAGE,TOO SANOY,SLOPE DAILY 

COVER FOR 
.LANDFILL 

BUILDING SITE DEVELOPMENT 

PONO 
RESERVOIR 

AREA 

a-'ibX: SEVESE-OJTBANKS CAVE 
SHALLOW 15-'X: SEVERE-CUT8ANKS CAVE,SLOPE 

EXCAVATIONS 

WATER MANAGEMENT 
U-3X: SbVEHb-SbbPAUb 
3»X: SEVERE-SEEPAGE,SLOPE 

SEVERE-SEEPAGE,PIPING 
EMBANKMENTS 
DIKES ANO 

LEVEES 

U-W: SLIGHl 
3-15X: MODERATE-SLOPE 
15*X: SEVERE-SLOPE 

DWELLINGS 
WITHOUT 
BASEMENTS 

EXCAVATED 
PONOS 

AOUIFER FED 

SEVERE-HO UAIbK 

J-dX: SLIUHI 
3-15X: MODERATE-SLOPE 
15-S: SEVERE-SLOPE 

Ubb^ IU UAIbH 
DWELLINGS 

WITH 
BASEMENTS 

DRAINAGE 

• } -LZ: SLiGHI 
A-3S: MODERATE-SLOPE 
i*y.: SEVERE-SLOPE 

U-it: JHOUGHTY.rAST INIAKE 
Z*X: SLOPE.DROUGHTY,FAST INTAKE 

i SMALL 
I COMMERCIAL 
i 3UILD1NGS 

IRRIGATION 

J-JX: SLIGHI 
3-157.: MODERATE-SLOPE 
:S*«: SEVERE-SLOPE 

J-3X: iUO JANDY,SU1L JLUUlNti 
8+X: SLOPE,TOO SANOY,SOIL SLOWING LOCAL 

ROAOS ANO 
STREETS 

TERRACES 
ANO 

DIVERSIONS 

"JAUNS, 
;LANOSCAPtNG 
I ANO 30LF 
i FAIRWAYS 

J-37. L b : l U U t K A I t - L A K l i t b I UNtS , JKUUliH I T 
3-15'/ .LS:M00ERATE-LARGE STONES,DROUGHTY , SLOPE 
IS -y . L S : SEVERE-SLOPE i 
0 - ; 5 % S: SEVERE-OROUGHTY j 
15-y. S: SEVERE-OROUGHTY. SLOPE [ 

• is-JicNAL ..^TEaPRETAT'ONS 

J - a X : JHOUGHrr 
3*y. : SLOPE,DROUGHTY GRASSED 

WATERWAYS 



IN0019 S O I L I N T E R P R E T A T I O N S R E C O R D CROSIER SERIES 

MLRA(S): 97, 98, 111 
REV. LBO, l5-35 
AERIC OCHRAOUALFS, FINE-LOAMY, MIXED, MESIC 

'E CROSIER SERIES CONSISTS OF DEEP, SOMEWHAT POORLY ORAINEO SOILS FORMED IN GUCIAL TILL ON UPUNDS, THE SURFACE UYER 
J DARK GRAYISH BROWN LOAM 8 INCHES THICK. THE SUBSURFACE UYER IS GRAYISH BROUN LOAM 3 INCHES THICK. THE ' 

bUBSOIL IS GRAYISH BROUN AND BROUN CLAY LOAM IN UPPER 19 INCHES ANO BROWN LOAM IN LOWER 8 INCHES 
SROUN MOTTLED LOAM. SLOPES RANGE FROM 0 TO 4 PERCENT. CROPUNO IS THE DOMINANT USE. 

_ MOTTLED 
THE SUBSTRATUM IS 

LANUSCAPfc AND CL 
ANNUAL AIR 
TEMPERATURE 

KHUSI FREE 
DAYS 

ANNUAC 
PRECIPITATION 

HA lb PNUPbHIIhS 
bLbVATIOH 

(FT) 

DRAIHAGfe 
CUSS 
SK 

SLUPt 
(PCT) 
u-u 

DEPTTT 
(IN,) 

ESTIMATED SOIL PROPERTIES 
l-HACI. 
> 3 IN 
(PCT) 

PhRCbHI m HAIbRlAL LbSb " 
THAN 3" PASSING SIEVE NO. 

CUT 

(PCT; 
-o=Tr 

0-11 
11-38 
38-60 

USOA TEXTURE UNIFIED AASHTO 
l-RACr. 
>10 IN 
(PCT) 

"nnr 
3 " PASS! 
t i p I m l 40 I 

1UU'85-Vi) 7m-
bU-tiU 

-T^TB 
5-15 

20-33 
10-20 

TT-STt 
SL, FSL 
CL, L, SCL 
L, SL 

TT 
SM, SC, SM-SC 
CL 
CL, ML 

A-4, A-6 
A-2, A-4 
A-6| A-7 
A-4, A-4 

0 
0 

0-3 

100 95-100 60-70 30-40 
90-95 85-95 75-90 40-70 
85-90 80-90 70-85 50-40 

UbPIH 
(IN.) 

LIUUID 
LIMIT 

HLA!;- • 
TICITY 
INDEX 

m t ^ l UULK 
DENSITY 
(G/CM3; 

'̂bl<HbA-
8ILITY 
!IN/HR) 

AVAlLAULb 
UATER CAPACITY 

(IN/IN) 

SDTT 
REACTION 

SACINIir 

(MMHOS/CM) 

s jar CEC 

(ME/100G) (PCT) (PCT) 

0-11 
11-38 
38-60 

20-30 
33-47 
25-35 

3-10 
15-26 
2-12 

G/CM3) 
iU-l.ib 1.iU-1.4b 

1.35-1.50 
1.40-1.60 
1.40-1.60 

0.6-2,0 
0.2-0,6 
0,2-0,4 

's.h-r.i 
5.6-7.3 
5,1-7.3 
6,1-8,4 

0.13-0.15 
0.15-0,19 
0.10-0,19 

DFPTir 
(IN.) 

ORGANIC 
MATTER 
(PCT) 

SHRINK-
SUELL 

POTENTIAL 

EROSION 
FACTORS 

WINU 
EROO. 
GROUP 

UINU 
EROO. 
INDEX 

CORROSIVITT 

-crnr 
0-11 

11-33 
38-60 

Trr 
1-3 

TTutr 
LOW 

MODERATE 
LOU 

>LU0D1NG 

r 
rsz 
.24 
.32 
.32 

- 5 5 " 
36 

STEEL" 
HIGH 

CONCHb I b' 
LUU 

HIGH WAFER TABLE CbHbNIbD PAT HEOROCK SUBS1 PENCE TTTT 
GRP 

PUIbNI'L 
FROST 
ACTION i-KbUUtwCT" 

NONb ~ 
UUHAIIUN IHUNIHS 

UEfiH I iciNU—\ms 
(FT 

, tTJO-i.UlAPPAREHTlJAN-AWT 
SANITARY F A C I L I T I E S ' nrr 

•HT DEPTH I HARDNESS DEPTH 
(IN) 

HARDHbSS 

CON51H0CTIUH HAtERIAL' 

IN IT . TOTAL 
( I N ) ( I N ) 

HlIiH 

itvtKfc-PtKcs 5LuULY,UEINESS ^AIR-UblNESJS 
SEPTIC TANK 
ABSORPTION 

FIELDS 

libVbNb-UblNbliS 

ROADFILL 

IHPKOBAULE-bXLbS!) hlNbS 
SEWAGE 
LAGCON 
AREAS 

SAND 

SbVbl^b-UETNESS IHPHOBABLE-bXCESS MNbS 
SANITARY 
LANDFILL 
(TRENCH) 

GRAVEL 

SbVbHb-UbrNbSS I-AIR-SHALL STUNhS 
SANITARY 
LANDFILL 
(AREA) 

TOPSOIL 

DAILY 
COVER FOR 
LANDFILL 

POOR-UfeTNESS 

3UIL0ING SITE DEVELOPMENT 
Sb'JbHb-UhlNbSS 

POND 
RESERVOIR 

AREA 

WATER MANAGEMENT 
U-3X: SLIGHI 
3-4X: MODERATE-SLOPE 

SEVEHb-IHlN LATbR.UblNhSii 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
OIKES AND 

LEVEES 

SEVERb-SLOU HbMLL ' 
DUELLINGS 
WITHOUT 

BASEMENTS 

SEVbRE=UETNE55 
EXCAVATED 

PONOS 
AQUIFER FED 

DUELLINGS 
WITH 

BASEMENTS 

i>bVbNb-ytlNb!>S 

DRAINAGE 

U-3X! l-HUSil AUIIUN 
^^X: FROST ACT ION,SLOPE 

H-iX L.SIL; UtINbb'S 
3+X L.SIL: SLOPE,WETNESS 
0-3X SL.FSL: UETNESS.SOIL BLOUIHG 
3-̂ X SL.FSL: SLOPE,UETNESS,SOIL SLOUING 

SMALL 
COMMERCIAL 
BUILDINGS 

SbVbHb-UETNESS 

IRRIGATION 

labVbKb-l-HOST ACIIOH,LOW SIRbNGIH L.SIL: WEINE55 
SL,FSL: WETNESS,SOIL SLOUING LOCAL 

RCAOS ANO 
STREETS 

TERRACES 
ANO 

DIVERSIONS 

CTCJTT! 
LANDSCAPING 

ANO GOLF 
FAIRUAYS 

UETNESS .MOJERATE-WETMESS 
GRASSED 

WATERWAYS 



Ml 0006 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 104, 95B, 97, 98, 105 
Sev. FRA.GHE, 3-38 
m i n e HAPLUOALFS, FINE-LOAMY, MIXED, MESIC 

DOWAGIAC SERIES 

THE OOUAGIAC SERIES CONSIST 
VALLEY TRAINS. THE SURFACE 
2 INCHES THICK. THE SUBSOIL 
YELLOUtSH 3R0WN SANOY LOAM 
SLOPES RANGE FROM 0 TO 18X 

S OF WELL DRAINED SOILS FORMED IN LOAMY ANO SANOY DEPOSITS OH OUTWASH PLAINS, TERRACES AMO 
LAYER IS VERY DARK BROUN LOAM 9 INCHES THICK. THE SUBSURFACE LAYER IS DARK GRAYISH BROWN LOAM 
IS DARK BROUN LOAM IN UPPER 5 INCHES, DARK YELLOUISH SROUN C U Y LOAM IN NEXT 13 INCHES, DARK 

IN NEXT 9 INCHES ANO YELLOUISH BROUN SANO IN LOUER 12 INCHES. THE SUBSTRATUM IS SROUN SANO. 
MOST AREAS ARE USED FOR CROPLAND 

ESTlHAIbO SOIL PHUPhHIlErTTT 

(IN.) 
PERCENT OF HATERIAL L'ESS— 
THAN 3" PASSING SIEVE MO. 

LIQUID 
LIMIT 

PLAS-
TICITY 
INDEX 

-O^TT 
0-11 

11-29 
29-38 
38-60 

USDA TEXTURE 

-crsK 
SL 
CL, SL , L 
S L , COSL, GR-COSL 
S, LCDS, GR-S 

UNIFIED 

HL, CL -HL , CL 
SM, SM-SC, SC 
CL, SC 
SM, SM-SC, SC 
SP, SP-SM, GP, GP-GM 

AASHTO 

T T 
A-2-4 
A-6 , A-4 
A-2 -4 , A-1-8 
A - 1 , A-3, A-2-4 

ranrr 
>3 IN 
(PCT) TT 

0 
0 
0 

0-10 

4 I lu i 4u | -2n i r 
9b-lU0 V5-1UU'aU-1UU 6U-VU 
95-100 95-100 60-70 15-35 
95-100 70-95 65-90 40-75 
80-100 60-85 40-60 15-30 
50-90 25-90 10-55 0-10 

<20 
25-40 

<25 

•T^TD-
2-10 
9-20 
2-9 
NP 

ITEPTir 
( I N . ) (PCT) 

HOIST SULK 
DENSITY 
(G/CM3^ 

PERHEA-
8ILITY 
(IN/HR) 

SALINITY 
(MMHOS/CM) 

SHRIHK-
SUELL 

POTENTIAL 

EROSION 
FACTORS 
< CT' 

ymnr 
EROO. 
GROUP 

ORGANIC 
MATTER 
(PCT? 

CDRR051V1TY 

SI EEL ICUNCRETF 
0-11 
11-29 
29-33 
38-60 

"T^TTT 
2-20 

27-35 
5-20 
0-10 

1.30-1.60 
1.30-1.60 
1.35-1.70 
1.35-1.70 
1.55-1.65 

U.6-i.U 
2.0-6.0 
0.6-2.0 
2.0-6.0 
6.0-20 

AVAILABLE 
WATER CAPACITY 

(IN/IN) 

• SOIL 
REACTION 

PH) 
uJii-u.ia 
0.14-0.16 
0.13-0.14 
0.14-0.15 
0.01-0.04 

5.6-6.5 
5.6-6.5 
5.1-6.5 
5.1-6.5 
5.6-7.3 

cntr 
LOU 

MODERATE 
LOU 
LOU 

1-3 
TOg- iHOOESAlk 

f-LOOOING HIGH WATER TXBZe LbHbNTEb PAN 
UbPIHjHAHUNbSS 
(IN) 

SEDRDClt SUBSIDENCE' TTYIT 
GRP 

POTENT'! 
FROST 
ACTION FREOUEHCr 

HONE 
U U K A I l u B " HON IMS 

DbPIH 

Sin 
T T W HONIHS PbPIH' 

( IN) 
•rsr 

HARDNESS INIT.IIOIAL 
(IN) (IN) 

MOOtKAIE • ^ i r 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
U-lbX: SEVERE-POOR FILTER 
15*X: SEVERE-POOR FILTER.SLOPE 

u-fT.: SfcVbKb-SbbPAGE 
7+X: SEVERE-SEEPAGE,SLOPE 

(J-lbS: SEVERE-SEEPAGE,TOO SANDY 
15+X: SEVERE-SEEPAGE,koPE,TOO SANOY 

U-lbX: SEVbRt-SEEPAGE 
15*X: SEVERE-SEEPAGE,SLOPE 

POOR-SfcbPAGE,TOO SANDY,SMALL STONES 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DUELLINGS 
WITHOUT 
BASEMENTS 

DWELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROADS ANO 
STREETS 

LAUNiJ, 
LANDSCAPING 
AND GOLF 
FAIRWAYS 

U-lbX: SEVERE-CUTBAHKS CAVE 
15+X: SEVERE-CUTBANKS CAVE,SLOPE 

U-aX: HDDbRAlE-SHHINK-SUELL 
3-15X: MGOERATE-SHRINK-SWELL,SLOPE 
15*X: SEVERE-SLOPE 

u-a*: SLlbHi • -
8-15X: NOCERATE-SLOPE 
15*X: SEVERE-SLOPE 

J-i.a: NQOtRArt-SHKlNK-SWtLL 
4-8X: MOOERATE-SHRINK-SUELL,SLOPE 
8+X: SEVERE-SLOPE 

U-8X: HOOERAIb-LUU SIHENGrH,SHHlNK-SUbLL 
3-15X: MOOERATE-LOU STRENGTH,SLOPE, 

SHRINK-SUELL 
15*X: SEVERE-SLOPE 

• U-aX: SLIGHT" •• • - • - - • 
8-15X: MODERATE-SLOPE 
15*X: SEVERE-SLOPE 

REGIONAL INTERPRETATIONS 

ROADFILL 

SAND 

GRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
(J-lbX: ROOD 
15-18X: FAIR-SLOPE 

PRUUAULb 

PROBABLE 

U-lbX; POOR-AKEA KbCLAlH.SHALL STONES 
15*X: POOR-AREA RECUIM,SLOPE,SMALL STONES 

WATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES AND 

LEVEES 

EXCAVATED 
PONDS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
ANO 

DIVERSIONS 

GRASSED 
WATERUAYS 

U-aX: StVtHb-SbtlJAUt 
8+X: SEVERE-SEEPAGE,SLOPE 

SEVERE-SEEPAGE 

5bVEHE-HQ UAIbK 

DEEP TO WATER 

0-3X L.SIL: FAVORABLE 
3+X L.SiL: SLOPE 
0-3X k : SOIL BLOUIHG 
Z*X SL: SOIL SLOUING,SLOPE 

U-8X L.SIL: 100 SANDY 
3+X L.ilL: SLOPE.TOO SANDY 
0-3X §L: TOO SAN6Y.S0IL BLOUING 
3+.X SL: SLOPE,TOO SANDY,SOIL BLOUING 

U-BX: l-AVURABLb 
3+X: SLOPE 



M I O O l i S O I L t N T C I P t l T A T l O N I t t C O t D OUAAOi' tell I f 

-•sv-.: H L R A ( S ) ! 7 1 , 95A, 9 5 B , 9 8 , 9 9 , 1 0 1 , 1 0 8 , 1 1 1 , 9 7 
9EV. LUB, 7^89 . . . I . 

LIMMIC M £ 0 I S A P 8 I S T S , HARLT, E U I C , M E I I C 

THE tOUAPOS : E « I f $ r n N S I S T J o r V E R Y P O O R L Y O R A r N t o ' s O I L S FORMEB IN ORGANIC MATERIAL OVER MARL IN 0 C P I | S S t O N t WITHIN 
i ^ I ^ i ^ ^ I i IjArE ANO TILL F U I M J . THE SURFACE SOIL 1$ l U C K MUCK 3 2 IHCHEI THICK. THE SUBSTRATUM I S LIGHT ClAT MAAL. t L O P « t 
19C 0 r i 2 F C I C E v r . i r . t t . S A « E U J E O K J L P A S T U S E U N O , U O O O U N O AMO CIOPUAMO. 

nreurc'TCi'R— 
Try059»nj»t_ 

-rrrrsT-yvw 
OAYS 

~~xmiurt—*-^*—'* iLmiiui' 
PRtCIPlTATieN 

roun^ vor' 
-DMAUJiUb' 

..Ct-ASS 
TTDPf" 

^sn 
£)tV(K 
( I K . ) 

- m i 
32-40 

( !W.) 

32-60 

HAiL 

TTLCTiT 
LIMIT 

USOA T & T U R f 

Mcur — 

gSTIMATCT SOIL P ^ O P t R Y l M 

UNIFIES 

( i w . ) 

32-60 

TIC. 'TY 
IVtJEX 

r r r BITS, v r r t 
MATTER 

PCT -m̂  

OENtlTY 
(0/CM3) 

-TTTTTTtr-
JVELL 

rcixcrrinr' 

t K U ^ s l U M 
FA£TO«J 

I I L I T Y 

AASHTO 

xnr 

AVAILABLE • • 
WATER CAPACITY 

( I > f / t N ) 

W i M U 
EROO-, 
CROUP 

• g T W 
t l O D . 

JL TOmOTTTTTr 

rntc 
k t O iPgl 

ICACTION 

U!£)( I'-^iibSt't U£. 

U b l H I IT 

QtWOt/CM) 

PbULlUI OF RAIIHIAL L I t l 
NO IfFVE W THAN 

^ ^ ' m 
PASS NO. 

100 95 -100 8 0 - 9 0 - M - S O 

— e t c — 

T ^ 
i:m. 

5 0 - 9 0 

var 

1-6 

{;7H. 

LJUWJI f I L'M ' HUN I H i " 
"TET 

'HILWWAttR lAHL 

4 4 ^ 
e i ' i H I LiNU TfSm nrr 

!>tP-JUH 

HWbHUD PAN 
akPiRiHAnutss 

-atuKun 
UkPIH IHAUUUkll 

IN) 4̂  
TUtfVIUtllllE 

m, m i l , I DIAL 
" H I (IN" 

mi 
•RTD' 
CAP 

PDIIMI'L 
F»0»T 
ACTION 

i»fcVL;L-^uii'>mi5,vu;jomu,pmn I L U U L T 

6U I I J».|J JZZ wmw 

SEPTIC TAU< 

ABSORPTION 

FIELOJ 

SEUAdE 
LACOOU 
AREAS 

! . tVI :«e-Kj* .U |HU; i i l t ty«u« .UU^t K ^ J t 

LlVtHk-PUWUlHIi 

lOACFILL 

SANO 

PU)U-WblUL^S;i:UWMHkMt.lH 

TWT0B3ntrT)rcEss-RDwr 

T W T O B W t S t T C r m i O W S " 
JANITA17 
LANDFILL 
(TRENCH) 

SAWITAJY 
LAMOFILL 

fASU) 

GRAVEL 

T- iT'.Vx = - -Umj 1IIL, i t t P A U 

Di lLT 
COVER FOR 

LAMOFILL 

PUUK-Uk lUI> IS,L lL 'L^S HUMUS 

TOPSOIL 

•,.jj..-!HjiB}ivi:;txt.-ki!i MLWur 

JMAtLCJW 
eXCAVATICVJ 

5UILDIMC SITE OEVtLQPMtNT 

OUELLIMSS 
WITHOUT 

lASEKEHTS 

OWELLIVfiS 
WITH 

3 > S £ M E V T S 

'Sr7rP--5UHS)JkS,PUHUHIL.LUU i U l H U I H " 

!,kVtRt-!>Li«SIUki,WHUI)».,LUU IIRtHUiR 

LVi?WE-SUB5IUkl.,PUHUlML.,LUU MMkHUIR ' 

-.rccjcL-—--, 
5C10S IMO 
srsEETS 

'i '»'̂ 'YUb-^uai.;:;k!.,vcm;mi.,Nu^i ALII;.N' 

kJ. 
LA«0SCAP|WC 

i « 0 OCi.F 
' I I I U A T S 

rr'^tn-e^TLtT? PUHUS.POWOIMU' 

PONO 
RCStlVOtR 

AAtA 

(NSANKMCNTS 
O l X e i AMO 

I I V H S 

IXCAVATCO 
PONOS 

AOUIFCR FfO 

OIAIHACI 

IRRtCAriOH 

SKVkUb-UbPAU 
WATER NAMAetMtNT 

CTVkHk-PUNUI«a,tJlLkSt HUMUS' 

I k V k U k - l L U U U k M L L 

FHUM ALIJUN,WWtllHU.SUI)Iim>" 

PUNU1MU,IU1L kLUUlUC 

TERRACES 
AND 

DIVERSIONS 

GRASSED 

WATERUAYS 

^CMUIML.SUIL JLVUIUL" 

"CrTBTSr 



,'̂  10019 

H L R A ( S ) : 9 7 , 9 8 , 
?EV. GAW, 7 - 8 7 
fYP IC HAPLUOALFS, 

S O I L I N T E R P R E T A T I O N S R E C O R D 

99, 111 ELMOALE SERIES 

COARSE-LOAMY, MIXED, MESIC 

THE ELMOALE SERIES CONSISTS OF .HOOERATELY WELL DRAINED SOILS FORMED IN SANDY LOAM GLACIAL TILL ON UPLANDS, THE SURFACE 
LAYER IS DARK GRAYISH SRCUN FINE SANOY LOAM 9 INCHES THICK. THE SUBSOIL IS DARK YELLOWISH BROUN LOAMY FINE SANO ANO FINE 
SANOY LOAM IN UPPER ^3 INCHES AND DARK YELLOWISH BROUN MOTTLED FINE SANOY LOAM IN LOUER 23 INCHES. THE SUBSTRATUM IS 
DARK YELLOWISH 8R0UM -OTTLEO FINE SANOY LOAM. SLOPES RANGE FROM 0 TO 12 PERCENT. CROPLAND IS THE MAIN USE. 

:!>llHAIkU bUIL PHUPbHTIES (A) 

( I N , ) 
TOTCT 
>3 IN 

VERCEHT OF MATERIAL LESS ' 
THAN 3 " PASSING SIEVE WO. 

LIOUIO" 
L I M I T 

PLAS-
T I C I T Y 
INDEX 

- T T T -
0 - 9 
9 - 5 4 

5 4 - 6 0 

USOA TEXTURE UNIFIED 

! . H , SM-SC 
H L , CL-ML 
SM, C L , SC. ML 
SM, SM-SC, SC 

AASHTO 

A - 4 , A - 1 - B 
I <.u -20ir i . I 17 . - . - . , 

V U - m u ' B 5 - I W ) ' ^ b - / 0 1 5 - 4 U 
9 5 - 1 0 0 9 0 - 1 0 0 7 5 - 9 5 5 0 - 7 5 
9 0 - 1 0 0 8 5 - 1 0 0 5 5 - 9 5 2 5 - 7 0 
9 5 - 1 0 0 9 5 - 1 0 0 5 0 - 7 0 2 0 - 4 0 

- 7 2 5 -
1 8 - 2 8 
1 4 - 3 0 

<25 

r r 
2 - 1 8 

NP-8 

SL , FSL 
L 
S L , FSL, LFS 
S L , FSL 

A-Z-4 
A - 4 
A - 2 , A - 4 , A - 6 
A - 2 - 4 , A - 4 

TT=T, 
0 - 5 
0 - 1 0 
0-5 

UTTmr 
( I N . ) 

tLAT IMOJSI dUL< 
(PCT)I DENSITY 

(G/CM5) 

StPHEA-
31L1TY 
(IN/HR) 

0 - 9 
9-5<i 

5 4 - 6 0 

i i - i i M . ; u - :• . 3> 
2 - 1 5 1 . 1 0 - 1 . 6 5 

10-18 1 . 2 0 - • . 7 0 
2 - 1 5 | l . 3 0 - 2 . 0 0 

I 

0 . 6 - 2 . 0 
0 . 6 - 2 . 0 
0 . 6 - 2 . 0 

AVAILABLE 
WATER CAPACITY 

(IN/IN 

SOIL 
REACTION 

PH) 

S A L f g r r r 
(MMHOS/CM) 

SHRINg-
SWELL 

POTENTIAL 

EB05I0H 
FACTORS 

UTTnr 
EROO. 
GROUP 

T j r o o r n r 
MATTER 
(PCT) 

tORROSIVITT 

STEbL cuncabTE 
J . l ^ - U . l b ' 
0 . 1 7 - 0 . 2 2 
0 . 1 1 - 0 . 1 7 
0 . 1 0 - 0 . 1 3 

b . i - ^ : j 
5 . 1 - 7 . 3 
4 . 5 - 7 . 3 
6 . 6 - 8 . 4 

LOU 
LOU 
LOU 

1-3 
-TOP HI GH 

i-Luaji^ic HIGH UAlER TABLE 

7CTJE 
"T 3 C T T : MONTHS 

DEPTH KIND HONIHS 
'CEHE.RIEP P W -

UtKiHlHAMUNbk! ) UbPIH 
( I N ) I I ( I N ) 

SECROOf ' 
HAHUNb'̂ S 

suusicbMrr" 
T N T T 
i lNL 

TCfTXC 
( I N ) 

imr 
GRP 

HUltNl'L 
FROST 
ACTION 

2.a-5.o "nypARENT " m r r P T " ^ >6U T ~ MQObjjfTE 

I 
SANITARY F A C I L I T I E S 

•SEVE i iE - ^e iUbSS 
CONSTRUCTION MATERIAL 

l -A IR-Ub lMbSS 
SEPTIC TANK 
ABSORPTION 

FIELDS 

U-ZX: !>i:vib̂ b->;klUbi»S 
7-X: SEVERE-SLOPE,WETNESS 

ROADFILL 

I r iKKuaAULb-bXLbb^ MMkS 
SEWAGE 
LAGOON 
AREAS 

SANO 

• JcVk.-) l :-wc! 'JI:Si> 'INPUUUAULb-bJ(Lb!>!> MMkS 
SANITARY 
-ANOFILL 
(TRENCH) 

GRAVEL 

afcvi:i<t-l.trMtS!> U-3X; PAIR-SMALL-STONES 
8-12X: FAIR-SMALL STONES,SLOPE SANITARY 

LANDFILL 
(AREA) 

U-JX: ;A|g-mU !;AHDT,Ub!Mb5S 
3-12r.: FAIR-TOO SANDY, SLOPE,WETNESS 

TOPSOIL 

DAILY 
COVER FOR 
LANDFILL 

BUILDING SITE DEVELOPMENT 
•iTlvt«e--L'UTdA)JKS CAVE,UETNESS 

POND 
RESERVOIR 

AREA 

WATER MANAGEMENT 
HQDbRAIb-!>kbPACb TTTrr . _ _ _ 

3 - 8 X : MOOERATE-SEEPAGE,SLOPE 
8 « X : SEVERE-SLOPE 

SEVEHE-PIPINC 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
OIKES AND 

LEVEES 

SbVEKb-CUIUANKS UVb 
DWELLINGS 
UITHOUT 
BASEMENTS 

J-ai: .'4(JUbkAI'£-WErHE55 
3-127.: MOOERAIE-UETHESS,SLOPE EXCAVATED 

PONOS 
AOUIFER FED 

U-3Xi CUIBANIS U V b 
34-X; SLOPE,CUTBANKS CAVE OUELLINGS 

WITH 
3ASEMENTS 

3k'Vi:HE'--k;HtSS 

DRAINAGE 

SMALL 
COMMERCIAL 
3UILDINGS 

i r n r i r MOUtSA IE-UE1HESS 
<.-8X; MOOERATE-WETNESS, SLOPE 
8 - r . ; SEVERE-SLOPE 

•-CCAL 
?CAOS AMD 

STREETS 

^ • T T r ~ s a ) T s x r F ^ v E T i T F s r r F T O r r - x n T U R 
3-12'/.: .'HOOERATE-WETNESS, SLOPE, FROST ACTION 

— C 7 c ? r r — 
LANOSCAPINC 

ANO GOLF 
tJIRWAYS 

3-12: ' . L : ."OOERATE-SLOPE 
0-S' / . S L . F S L : .MODERATE-LARGE •STONES 
3-12*/. S L , F S L : .MCX)ERATE-LARC£ STONES,SLOPE 

-•reiriCTTC—.>Jle:;PBiiTAT!-01TS-

IRklCATION 

O-JX L; UETNESS 
3*X L: SLOPE.WETNESS 
0-3X SL,FSL: WETNESS.SOIL BLOUING 
3*X SL,fSL: SLOPE.WETNESS,SOIL BLOWING 

TERRACES 
ANO 

DIVERSIONS 

U-8X L: UbINbbi 
3*X L: SLOPE,WETNESS 
0-8X SL.FSL: WETNESS.SOIL BLOWING 
8*X SL,FSL: SLOPE.WETNESS,SOIL BLOUING 

GRASSED 
WATERWAYS 

J-8X: VAVUUAULb 
8*X: SLOPE 



I N 0 0 0 3 S O I L I N T E R P R E T A T I O N S R E C O R D 

1 1 0 , M l , 115 2 I L F 0 R 0 SERIES MLRA(S): 958, 97, 98, 99, 108 
.REV. J O L , 6-37 
TYPIC HAPLAQUOLLS, COARSE-LOAMY, MIXED, MESIC 

THE GILFORD SERIES CONSISTS OF DEEP, VERY POORLY ANO POORLY DRAINED SOILS FORMED IN SANDY SEDIMENTS ON OUTUASH PLAINS 
AND LAKE PLAINS. THE SURFACE SOIL I§ BLACK SANDY LOAM IN UPPER H INCHES AND VERY DARK GRAY SANDY LOAM IN LOWER 3 
i.NCHES. THE .»10TTL£D SUBSOIL IS GRAY SANOY LOAM IN UPPER 13 INCHES ANO GRAY LOAMY SANO IN LOUER 6 INCHES. THE SUBSTRATUM 
IS GRAY SAND ANO COARSE SAND. SLOPES ARE 0 TO 2 PERCENT. MOST AREAS ARE USED FOR CROPLAND. 

I 
orrmr 
(IN.) 

bSllHAIbO SOIL PRUPbHITET" 
PERCENT OF MATERIAL LESS 
THAN 3" PASSING SIEVE NO. noonr 

LIMIT 

PLAS-
TICITY 
INDEX -irrr 

0-14 
0-14 

14-32 
32-48 
43-60 

USOA TEXTURE 

TSL. SL 
MK-SL, MK-FSL 
L 
SL. FSL 
LS, S, LFS 
S, COS, LS 

U N I F I E D AASHTO 
rRXCT 
>3 IN 
(PCT) 10 I LU rTOQ-

9!)-lD0'V5-1UU tU-8U iU-4b 
95-100 95-100 60-80 30-45 
95-100 95-100 8S-95 60-75 
95-100 95-100 55-70 20-35 
95-100 95-100 15-60 3-20 
95-100 95-100 15-60 3-20 

20-30 
22-33 
15-30 

4-10 
8-15 

NP-3 
NP 
NP 

ramr 
( I N . ) 

:tAY 11*01 ST SULK 
DENSITY 
(G/CM3) 

SH, SC, s H - s r 
SC, SM-SC 
CL 
SM. SC, SM-SC 
SM, SP, SP-SM 
SP. SP-SM. SM 

AVAILABLE 
UATER CAPACITY 

( I N / I N ) 

A -4 , A-2-
A - 4 , A-2-
A - 4 , A-6 
A - 2 ' 4 
A - 3 , A - 1 -
A - 1 - a , v 

SDTt" 
REACTION 

PH) 

u A-2-4 
A-3 

ORGAH'IC 
MATTER 

(PCT) 

eOHROSlTITY 
(PCT) 

0-14 
i 0-14 
i :4 -32 
32-43 
48-60 

lU-^U 1 . b U - l . ^ 
1Q-20 l l .5Q-1 .70 
10-2011.50-1.70 
3-17 1.60-1.30 
3-12 1.70-1.90 
2 - 1 0 | l . 7 0 - 1 . 9 O 

i-LOODING 

PERHEA-
BILITY 
(IN/HR) 
^ .U-6 .U 
2 .0 -6 .0 
2 .0 -6 .0 
2 .0 -6 .0 
6 .0-20 
6 .0-20 

SALINITY 
(MMHOS/CM) 

s m r m r 
SUELL 

POTENTIAL 
T O S T 
LOU 
LOU 
LOU 
LOU 
LOU 

EROS raw 
FACTORS 

< i T" 
EROO. 
GROUP 

10-20 
2-4 

SIEbL ICUHCRETg 
HIGH iHOCbTyrg u.ii-u.ia 

0.13-0.15 
0 .20-0 .22 
0 .12-0 .14 
0 .05-0 .08 
0 .05-0 .08 

.6 -7 .3 

.6 -7 .3 
,6 -7 .3 
,1 -7 .3 
,6 -8 .4 

HIGH WATER nCHTF CEHEHIED PWT 
UbP1H|HAKDNbSS 

BEDROCK SUBSIDENCE TTHT 
GRP 

POIENr i 
FROST 
ACTION ^RbtlHENLT. 

HONE 
DURA!ION HOWrHS 

•DEPTH 

sm • i - :b - i .g 

"iCIND HONIHS 

OEC-HAY 

DbPIH |HAUUNb!>!i TTm 

i iNL 
Tonn: 
( IN ) iTo: T r a : APPARENT >6U 

SANITARY F A C I L I T I E S 
l»'EVERE-POH0[NU,POUR U L T E R 

CONSTRUCTION MATERIAL 
PQOU-UblNliSS 

S E P T I C TANK 
ABSORPTION 

FIELDS 

SEVERE-SbEPAdb.PUNUlNG 

ROADFILL 

PROBABLE 
SEWAGE 
LAGOON 
AREAS 

SAND 

s t v t K t - i t t f ' R i j t , M U \ i 1 NG IHPRUBABLb-rCX) SANDY 
SANITARY 
, A N 0 P I L 1 
C'RENCH) I 

GRAVEL 

i t V b K f c - s t t f AUi: , r-UNO 1 NG POOR-JETNESS 
SANITARY 
'.ANO F I L L 

(AREA) 

r iUOU-PONUlNU. IHIN LAVbK 

TOPSOIL 

I DAILY 
: COVER FOR 
! -AND FILL 

3UIL0ING SITE DEVELOPMENT 
SbVbRE-CUIBANKS CAVb,PONDING 

POND 
RESERVOIR 

' AREA 

WATER .MANAGEMENT 
SEVEHE-SEEPAGE 

SfcVtRt-r'lKINU,HUNUlNU 
I SHALLOW 
: EXCAVATIONS 

EMBANKMENTS 
DIKES AND 

LEVEES 

SEVERE-POND INC SbVbHb-CUIBANKStAVb' 
DUELLINGS 
WITHOUT 
BASEMENTS 

EXCAVATED 
PONDS 

A(3UIFER FED 

i-VhRE-PONDING 'PUNU1NG,')-KUSI ALMUN,L:urBANKS "AVb 
OWELLINGS 

WITH 
BASEMENTS 

DRAINAGE 

SEVERE-POND INC L: 30NDINC 
FSL,SL,,'^K: PONDING,SOIL BLOWING SMALL 

-CMMERCIAL 
BUILDINGS 

IRRIGATION 

:.EVE»E-'30NUl,MU,rMUSI ALIION I : .JCNUi.'JCmO "JAMUT 
FSL,SL,.'^K: .=0N01NG,T0O SANOY,SOIL BLCWING -OCAL 

ROADS ANO 
STREETS 

'.AUNS, 
LANOSCAPtNG 

ANO : o L = 
^ l iRWATS 

j 'bVbj^b-PUNUING 

TERRACE? 
AND 

DIVERSIONS 

'JEl.lJbSii 
GRASSED 

WATERWAYS 

ri;:::.i^AL . ' ^ : ; ^ p ; g ' A r : . ' ! ; r 



ON0040 S O I L I N T E R P R E T A T I O N S R E C O R D OlYNUOOD SOIES 

MLRA(S): 111, 99. 97, 98 
REV. U T , 2-S9 
AOUIC HAPLUOALFS. FINE, ILLITIC, MESIC 

""HE GLYNWOOD SERIES CONSISTS OF DEEP, MODERATELY WELL ORAINEO SOILS FORMED IN A THIN LOESS DEPOSIT ANO THE UNDERLYING 
,UCIAL TILL ON UPUNDS. THE SURFACE UYER IS DARK GRAYISH BROUN SILT LOAM 9 INCHES THICK. THE MOTTLED SUBSOIL IS DARK 
(ELLOWISH BROWN SILTY CUY LOAM IN UPPER 3 INCHES, DARK YELLOWISH BROWN C U Y IN NEXT 11 INCHES ANO YELLOWISH SROWN CUY 
LOAM IN LOWER 9 INCHES. THE SUBSTRATUM IS YELLOWISH BROWN C U T LOAM. SLOPES RANCE FROM 0 TO 40 PERCENT, MOST AREAS ARE 
USED FOR CROPUNO, 

UNDSCAW ANO CL 
ANNUAL A l K 

TEMPERATURE 
FROST FREE 

DAYS 
ANNUAL 

PRECIPITATIOM 

WTTWOPBir 'TES 
ELEVXT OH 

(FT) 
DRAlNAGk 

CUSS 
SlUW 
( p a ) 

BEPTff 
( IN. ) 

eiTi'«^Ta w u "yyffiTiBim., V ^ R I C U l BP M 

m -irr-
0-9 
0-9 
9-23 

23-60 

u»A TorruH 
s i r r t • 
SICL, a 
SIC c, a, sia 
CL, s I c L 

U M I P I D AAMTO 

u.'-ii.. a 
tt 
CM, a 
tt, CM 
tt 

>10 IN 
lESTL 

"CRLENI 
THAN 3 " 

_ lUU'VU-IUU 

95-100 flS-100 
9S-100 ao-100 

A-7, A-* 
A-4, A-4 

•100 65-95 
-99 65-90 

DEFTF 
(IN,) 

LIOUID 
LIMIT 

-0=7" 
0-9 
0-9 
9-23 

23-60 

40-55 
35-55 
23-40 

PLAS-
TICITT 
INDEX 

10-22 
15-30 
15-30 
7-18 

TWISI 8ULX 
DENSITY 
(G/CM3) 

1.35-1,50 
1.45-1.70 
1.65-1.89 

BILirr 
(IN/HR) 

UATER CAPACITY 
(IN/IN (IN/IN) 

o.Tr-o.b 
0.14-0.16 
0.11-0.18 
0.06-0.10 

•SDTT 
REACTION 

(PH) -4^ 5 . 1 - / 3 ' 
5.1-7.3 
5.1-7.3 
4.5-7.5 
7.4-8.4 

<MMNOS/CW) 

T W EEC 

les iL 

•ct 

0.2-0.6 
0.06-0.2 
0.06-0.2 
0.06-0.2 

DEPTTT 
( I N . ) 

-0=7-
0-9 
0-9 
9-23 

23-60 

UHUAHli; 
MATTER 

1 = 
1-2 
1-2 

SHKINK-
SWELL 

POTENTIAL 

LOU 
MOOCRATE 
MODERATE 
MCOEXATE 

VLOCDIHC' 

ERtBTTar 
FACTORS 
T 

,43 3 _ 

-̂ 2 2:2 M 

vmr 
EROD. 
GROUP 

U l N P " 
EROO. 
INDEX 

38 

Jft . 

•STEE F HH.il iHUlbRITr 

l-HhUUbNLT 
NUNh 

UUHAI lUW MOWTHT 
TJEIT 

( F T ' 

HIGH UAIER lAULE 
n w 

THTT iPhHLHfaU 

wsmw 
T W 

libHtHlbP PAr 
OEimr 
IINL 

naaracs? UbClH l̂lUHUMESS' 
(IN) 
SW 

suBsiPbwn 
INI I , 
(IN) 

TOTXC 
(IN) 

W W 
GRP 

WJTE1»T»r 
FROST 
ACTION 

CONSIRUCTIOII HAfbRlAL 
HHjH 

•SANIIAHT I-ACILIMES 
U-I5X; SEVbKb-UblNbiiS.PkHLS ItLUULT 
15fX: SEVERE-WETNESS,^ERCS SLOWLY,SLOPE 

U-25Xi POOH-LOU STRENGTH' 
25«X: POOR-LOU STREN6TH,SLOPE SEPTIC TANK 

ABSORPTION 
• FIELDS 

SEWAGE 
UGOON 
AREAS 

SANITARY 
UNOFILL 
(TRENCH) 

U-2X! SLIGHI 
2-7X: MODERATE-SLOPE 
7*Xi SEVERE-SLOPE 

U-BXi HtDbXAIb-UblNbSS.rOO CUTbT 
8-15X: MOOERATE-WETNESi,SLOPE,TOO CUYET 
15«'X.- SEVERE-SLOPE 

U-TUi HUDbKAIb-UfcTNIiSS 
3 - t 5X : MOOERATE-UCTNCSf.SUye 
IS^S: SEVEXE-SLOPC 

ROMFILL 

SANO 

GSAVEL 

I W H H U U H U - h J O i S B FINES 

THPRBBPBroFEWESrmiEr 

U - I 5 U WJU i - rH l l LATbl 
r i * U POn-THIM UTEX.SLOM SANITARY 

UNOFILL 
(AREA) 

TOPSOIL 

U-UX! I-AIR-IUU ULATET.UlilHbSS 
8-15X: FAIR-TOO CUTSf,SLOPE,urTNESS 
154>X: PQOa-SLOPE 

DAILY 
COVER FOR 
LANDFILL 

BUILDINQ SITE OEVELOPMEMT 
U- liXi'SEVbRb-UbfNbSS^^'^ 
15-»X: SEVERE-WETNESS, SLOPC 

PONO 
RESERVOIR 

AREA 

UATER MANAGEMENT 
SLIUHI "trsxr 

3-aX: MOOERATE-SLQPC 
8»X: SEVERE-SLOPE 

WJUtmiE- f lMlWI .UElHtSS 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
OIKES ANO 

LEVEES 

u-ax; mtmib-ub iHbss.sHHiw-aJtLL 
8-1SX: MOOERATE-UETNESi,SM«IMC-SUELL,SLOPE 
1S-»X: SEVERE-SLOPE 

SbVEKl-NU UAIEI 
DUELLINGS 
WITHOUT 

BASEMENTS 

EXCAVATED 
PONDS 

AQUIFER FED 

D- l5Xi !>bVfeHE-UEIWES5 
15-»X: SEVERE-WETNESS,SLOPE 

U-3X! H6HL9 SLUUIT.I-WBI A l l l U B 
3^X: PERCS SLOWLY,^ROST ACTION,SLOPC DUCLLIHG5 

WITH 
BASEMENTS 

DRAINAGE 

U-4X! HU]bHAIb-UblNkSS,SHHINK-l>UbLL 
4-8X; MOOERATE-UETNESS,SHRINK-SUELL,SLOPE 
B^X: SEVERE-SLOPE 

U-iX SIL, L, SICL, tt: UEINbSS 
3*X SIL. L, SItt. CL: SLOPE,UETNESS 
0-3X Sit: WETNESS.DROUGHTY 
3«X SIC: SLOPE,UEtNESS,DROUGHTY 

SMALL 
COMMERCIAL 
BUILDINGS 

IRRIGATIOM 

U-I5X: SbVbKb-LUU !>IHbNUIH,l-NU!il ACI lUH 
15'>X: SEVERE-LOW STRENGTH,SLOPE,FROST ACTION 

U-8X SICi UETNESS 
S+X SIC: SLOPE.UETNESS 
0-8X SIL, L, S{CL, CL: ERODES EASILY,UETNESS 
B^X SIL. L, SICL, tt: SLOPC,ERODES EASILY. 
WETNESS 

LOaL 
ROAOS ANO 
STREETS 

TERRACES 
ANO 

DIVERSIONS 

—cswir— 
UNOSCAPING 
AND GOLF 
FAIRUAYS 

U-8X S I L , I , S I C L , CL: SLlGHt 
a-15X S I L , L, S i c£ , tt: MODERATE-SLOPE 
15*X S I L . L, SICL, CL: SEVERE-SLOPE 
0-15X SiC: SEVERE-TOO C U Y E Y 
15*X SIC: SEVERE-SLOPE. TOO-CUYEY 

U-8X SHIi 'ROOIINU Ubf lH 
a*X SIC: SLOPC,ROOTING DEPTH 
0-8X S I L . L. S i t t , CL: ERODES EASILY, 

HOOTING DEPTH 
8*X S I L , L. S I t t , CL; SLOPC.ERODES EASILY 

GRASSED 
UATERWATS 

http://HH.il


.110029 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 91, 9 5 A , 9 5 B , 97, 98. 99, 103, 105, 110 GRANBY SERIES 
REV. LWB. li-87 • .'̂ AAT<50 
TYPIC .4APLA0U0LLS, SANDY, MIXED, MESIC 

THE GRANBY SERIES, MAAT <50, CONSISTS OF POORLY AND VERY POORLY DRAINED SOILS FORMED IN SANDY GUCIOFLUVIAL DEPOSITS ON 
OUTWASH PLAINS AND LAKE PLAINS AND IN GLACIAL DRAINAGEUAYS. THE SURFACE UYER IS BUCK LOAMY SAND 10 INCHES THICK. THE 
SUBSOIL IS DARK CRAY ANO LIGHT BROWNISH GRAY MOTTLED SANO 22 INCHES THICK. THE SUBSTRATUM IS LIGHT GRAY MOTTLED SANO. 
SLOPES ARE 0 TO 3 PERCENT. AREAS ARE USED FOR CROPLAND. PASTUREUNO, HAYUND AND WOOOUNO. 

(IN.) 

bSTlHATEO SOIL PHUPbHIlES ;A PERCENT OF HATERIAL LESS 
THAN 3" PASSING SIEVE NO. 

LIWJIO 
LIMIT 

PLA5-
TICITY 
INDEX 

- i m r 
0-10 
0-10 

10-32 
32-60 

USDA TEXTURE UNIFIED AASHTO 
Rjtrr 

>3 IN 
(PCT) 

T o r 
100 
100 
100 
100 

I "IU '! TIT 
TDO 50=wr 

. T o r 
Tb-iy 
30-50 
5-35 
5-35 
5-35 

LS, L F S — 
FSL. SL 
S, ^S 
S. FS. LS 
S, FS, LS 

^H 
SM, SC, SM-SC 
SP-SM, SM 
SP-SM, SM 
SP-SM, SM 

A - 2 , 
A-3 
A-3 . 
A -3 , 

A-4 
A-2 
A - 2 , 
* - 2 , 

100 60-85 
100 50-80 

95-100 45-80 
95-100 45-80 

<30 NP-10 
NP 
HP 
NP 

OEimT 
( I N . ) 

5HR1NK-
SUELL 

POTENTIAL 

EROSION 
FACTORS 

g I T 

o T w r 
EROO. 
GROUP 

ORCAHir 
MATTER 

(PCT) 

'eORROSlVlTY 

SIbbL lt:UHCRETg 
rorr 
(PCT) 

0-10 
0-10 

•10-J2 
32-60 

3-13 
2-10 
a-14 
0-10 

HOIST 3UL1C 
DENSITY 
(G/CM3) 

l .VU-1 
1.20-1 
1.20-1 
1.45-1 
1.45-1 

•30-
60 
60 
60 
60 

PERHEA-
3ILITY 
(IN/HR) 

TT 
2.0 
6.0 
6.0 
6 .0 

•6.0 
20 
20 

•20 

AVAILABLE 
UATER CAPACITY 

(IN/IN 
u;10-0.12' 
0.16-0.18 
0.07-0.10 
0.05-0.12 
0.05-0.09 

SOIL 
REACTION 

PH) 
5.6-/'.J 
5.6-7.3 
5.6-7.3 
5.6-7.3 
6.6-8.4 

SALINin 
(MMHOS/CM) 

LOU 
LOU 
LOU 
LOU 

-Twr TTJP-4-lU 
4-6 
4-10 

r 
0-

'LOODINC HIGH UAIER rOTIf CEHEHTED PSTT 
DbPlHIHAHDNbaS 
(IN) 

SEDHOeiC ISUB5I0EHCE Tmr 
GRP 

POTENT". 
FROST 
A C T I O N rREQUENCT 

NONE ' 
JURATION IHONTHS 

DbPIH 
( F T ) 
-1-1.1 

K,iNU 

APPARENT 

HOHTHS 

NOV-JUN 

DbTIH 

>6U 

HARDNESS TTTTT 
( I N ) 

TOTST 
( IN) 

MODES ATE ATP 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
LAGOON 
AREAS 

SANITARY FACILITIES 
SEVERE-PONDING,POOR FILTER 

^bVbHb-SbbPAUb,POND 1NG 

3EVERb-SbkPAGb,.JDNDlNG,:00 SANUY 
SANITARY 1 
.ANOFILL j 
(TRENCH) 1 

• 1 

SANITARY 
LANDFILL 
(AREA) 

•DAILY 
COVER FOR 
.ANOFILL 

SEVERE-iEEPAGc,;'OND I NG 

:JUUH-SbbPAUb,IUO SANDY, POND INC' 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DWELLINGS 
WITHOUT 
BASEMENTS 

•DWELLINGS 
WI'H 

3ASE,MENTS 

SEVERE-CUTBANKS CAVE,PONDING 

bfcVbKb-KUNUlNU 

:.tVtKt-HONOlNU 

, itVfcRt-H(iNDING 
SMALL 

COMMERCIAL 
BUILDINGS 

aeVkRE-yONOlMG 

ROADFILL 

SANO 

• GRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
POOR-UEINESS 

PROBABLE 

POOR-TOO SANDY,UETNESS ' 

WATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES ANO 

LEVEES 

EXCAVATED 
PONDS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

1 

StVkHb-atEPAGE 

SEVERE-SEEPAGE,PIP INC,PONOINC 

SbVERE-CUIBANKS ILAVb 

PDNDINCOJISANRS CAVb 

?SL,SL: 30NDING,DROUGHTY,SOIL SLSUIHG 
LS,LfS,3,FS: PONDING,DROUGHTY,FAST INTAKE 

riUHU 1 NG, :UO a'AHUY.JOIL dLuUI.MG 
.OCAL 

;OADS ANO 
STREETS 

— r r o j r — 
LANDSCAPING 

ANO :OLr 
-i;?WArS 

ofcVl-̂ JE-JONDI.NG 

-ERRACES I 
ANO I 

DIVERSIONS I 

.bi.iJbSS.JHDUGHTY 
SRASSEO 

WATERWAYS 

::^AL '.^::;;?geTA:;:HS' 



MI0012 S O I L I N T E R P R E T A T I O N S R E C O R D 

HILLSDALE SERIES MLRA(S): 97, 98, 111 
REV. LUB, 3-37 
TYPIC HAPLUOALFS, COARSE-LOAMY, MIXED, MESIC 

THE HILLSDALE SERIES CONSISTS OF WELL DRAINED SOILS FORMED IN LOAMY GLACIAL TILL ON TILL PUINS AND MORAINES. THE 
SURFACE LAYER IS DARK GRAYISH BROWN SANOY LOAM 10 INCHES THICK. THE SUBSURFACE UYER IS SROWN SANDY LOAM 5 INCHES THICK. 
THE SUBSOIL IS DARK BROWN AND DARK YELLOWISH BROWN SANOY LOAM 48 INCHES THICK. THE SUBSTRATUM IS YELLOWISH BROUN SANOY 
LOAM. SLOPES RANGE FRON 0 TO 40 PERCENT. AREAS ARE USED FOR CROPUNO, PASTURE ANO UOOOUNO. 

'bSIIHAlEO SOIL PHUPfcRMirTT 
OEPTTT 
(IN.) 

WCT 
>3 IN 
(PCT) 

PERCENT OF HATERIAL LESS 
THAN 3" PASSING SIEVE NO. 

"200-

LIQUID" 
LIMIT 

0-15 
0-15 

15-35 
35-63 
63-70 

( I N . ) 

USDA TEXTURE 

SL, FSL 
LS 
L 
SL. SCL. L 
SL. LS 
SL. LS 

UNIFIED 

SH. SC, HL, CL 
SM, SM-SC 
ML, CL. SM, SC 
SM-SC, SC, CL-ML. CL 
SM, SM-SC, SC, SP-SM 
SM. SM-SC. SC. SP-SM 

AASHTO 

TTT 
0-5 
0-5 
0-5 
0-5 
0-5 

•TTT - 5 0 -
VO-100 /b-1DD 4b-ab i\i- ^ 
90-100 75-100 45-75 15-30 
90-100 75-100 65-90 45-70 
90-100 75-100 55-85 30-70 
90-100 75-100 35-70 10-30 
90-100 75-100 40-75 5-40 

PLAS-
T I C I T Y 
INDEX 
~z^vr 
HP-5 

2-10 
4-10 
2-10 
2-10 

(PCT) 
MOIST SULK 
DENSITY 
(G/CM3 

PERHEA 
SILITY 
(IN 

AVAILABLE 
WATER CAPACI 

(IN/IN) 
a;i3-(i,f8 
0.10-0.12 
0.18-0.20 
0.12-0.18 
0.08-0.13 
0 08-0.13 

T T T : 
A-2-4 
A-4 
A-2-4, 
A-2-4, 
A-2-4 
sort 

REACTION 
PH) 

A-1-

A-4 
A-1-
A-4 

A-T-B 
a 

A-l-B 
SALINITY 
(MMHOS/CM) 

SHRINK 
SWELL 

POTENTIAL 

EROStOH 
FACTORS 

yruff 
EROO. 
GROUP 

ORCAHIC 
MATTER 
tPCT) 

<25 
<25 

20-30 
<25 
<25 

CDRROSI'VITT 

"ITTT 
0-15 
0-15 
15-35 
35-63 
63-70 

2-12 
7-15 
10-18 
5-15 
5-15 

T.iU-l.iU 
1.30-1.60 
1.30-1.60 
1.40-1.70 
1.60-1.75 
1.60-1.80 
PLDODIHC 

6.0-20 
0.6-2.0 
0.6-2.0 
0.6-6.0 
0.6-6.0 

TY 

5.1-7.3 
5.1-7.3 
4.5-6.5 
5.1-6.5 
7.9-8.4 

TOBT 
LOW 
LOW 
LOW 
LOW 
LOW 

1-3 
1-3 

SIbbL ILONLTirrE 
Tnr -ffTCT-

l-PhUUbNCT 
HONE 

DUHAIIUH HUHIHS 

-MM. 
UbfTH 

U A T E R TABLE" 

nowj—fwimrr 
TCTEff 

IJEPTIT 
TEP PAN 
HAKUNbbl!> DEPIH 

( IN ) 

BEPROCK' 

-isr 
HARDNESS 

SUBBIOENCE 
TUTT: 
( I N ) 

TUT 
( I N ) 

GRP 
POTENT'L 

FROST 
ACTION 

TWDERATS 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
LAGOON 
AREAS 

SANITARY • 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
U-BX: HODERAIE-PERCS SLOULT 
8-15X: MOOERATE-PERCS SLOWLY,SLOPE 
15*X: SEVERE-SLOPE 

U-/X: SEVbHE-StbPAO: 
7*X: SEVERE-SEEPACE,SLOPE 

U-I3S: itvtKt-itti'^iji: 
15-X: SEVERE-SEEPAGE,SLOPE 

U-1SX: SEVERE-SEEPAGE 
15*X: SEVERE-SEEPAGE,SLOPE 

3-1SX: FAIR-TOO SANDY,SMALL STONES,SLOPE 
15->-X: POOR-SLOPE . 1 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DWELLINGS 
WITHOUT 
BASEMENTS 

DUELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROADS AND 

1 STREETS 

LAUNS, 
LANOSCAPtNG 
AND GOLF 

, FAIRUAYS 

U-lbX: SbVERb-OITBANKS CAVB 
1S-»X: SEVERE-OJTBANKS CAVE,SLOPE | 

U-aX: SLlliHI 
8-15X: MODERATE-SLOPC 
15-X: SEVERE-SLOPE 

U-0»: SLIGNI 
3-15X: MODERATE-SLOPE 
15*X: SEVERE-SLOPE 

" U-4X: SLIGHT 
4-8X: MODERATE-SLOPE 
i * X : SEVERE-SLOPE 

U-8X: HODERAIE-l-ROSr ACIIIW 
3-15X: MOOERATE-SLOPE,FROST ACTION 
15-X: SEVERE-SLOPE 

• U-8X: SLIGHT 
3-15X: MODERATE-SLOPE 
15»X: SEVERE-SLOPE 

REGIONAL INTERPRETATIONS 

ROADFILL 

SANO 

GRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
U-lbX: GOOD 
15-25X: FAIR-SLOPE 
25*X: POOR-SLOPE 

IHPHUBAULk-b;(Cb!>S HNbS 

IHPROBABLb-bXCbSS HNbS 

U-15X: POOR-SHALL SIONES 
15*X: POOR-SMALL STONES.SLOPE 

UATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES ANO 

LEVEES 

EXCAVATED 
PONOS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
• AND 

DIVERSIONS 

GRASSED 
UATERUAYS 

U-8X: SEVERE-SEEPAGE 
S^X: SEVERE-SEEPAGE,SLOPE 

SEVERE-SEEPAGE,PIPING 

SEVbHE-NO UAIbK 

' DEEP TO WATER 

V - n SL.FSL.L: ROOTING DbPIH 
3fX SL.FSL.C: SLOPE.ROOTINC DEPTH 
0-3X LS: FAST INTAKE,ROOTING DEPTH 
3fX LS: SLOPE,FAST INTAKE,ROOTING DEPTH 

U-tSX L: lOU SAND! 
8*X L: SLOPE,TOO SANDY 
0-8X SL.FSL,LS: TOO SANDY.SOIL BLOUING 
8*X SL,^SL,LS: SLOPE,TOO iAHDY,SOIL BLOUING 

U-8X: ROOTING OEPIH 
a+X: SLOPE,ROOTING DEPTH 



HI 0024 S O I L I N T E R P R E T A T I O N S R E C O R D HOUGHTON SERIES 

.MLRACS): 91, 95A. 958, 97. 98. 103. 104. 105. Ill 
REV. LWB. 7-89 
TYPIC NEDISAPRISTS, EUIC, MESIC 

THE HOUGHTON SERIES CONSISTS OF VERY POORLY DRAINED SOILS FORMED IN HERBACEOUS ORGANIC DEPOSITS IN BOGS AND OTHER^ 
DEPRESSIONAL AREAS WITHIN OUTUASH PUINS, U K E PUINS, TILL PUINS AND MORAINES. THE SURFACE UYER IS BUCK MJCK 9 
INCHES THICK. THE UNDERLYING LAYERS ARE BUCK ANO DARK REDDISH BROWN SAPRIC HATERIAL. SLOPES ARE 0 TO 2 PERCENT. MOST OF 
THESE SOILS ARE DRAINED ANO USED FOR CROPLAND. 

ANNUAL AIR 
TEMPERATURE 

'l-HOSf Mbb 
DAYS 

LANDSCAPE AND CLIHAIE PHOPbHribS" 
OKAINACb 
CUSS 
iJP 

SLOPE" 

4?-i^ 

ANNUAL 
PRECIPITATION 

ELcVAMON 
( F T ) 

60U-(UUU <:g-'«u 

DEPTIT 
( I N . ) 

ESJIMATEp SOIL ^ ' t ' ^ ' ^T IES 
FRACT. 
3-10 IN 
(PCT) 

TERCEBT 
THAN 3 

OF HAIERIAL L b S S — 
' P A S S I N G SIEVC NO. 

(PCT) 
i r r -
0-9 
0-9 
9-66 

USOA TEXTURE 

mar 
MPT 
PEAT 
MUCK 

UNIFIED AASNTO >10 IN 
iPOl 

0 
0 
0 

r r 
PT 
PT 
PT 

A-8 
A-8 
A-8 

UbPIH 
(IN.) 

LIQUID 
LIMIT 

P1.A5-
TICITY 
INDEX 

DENSITY 
(G/CM3) 

PkHMtA-
8IL1TY 

0.6-6 .0 
>6.0 

C.2-6.0 

•orenr 
<PCT) (PCT) 

TT^T-
0-9 
0-9 
9-66 

AVAlLAULb 
UATER CAPACITY 

( IN / IN 

SOIL 
REACTION 

(PH) 

M L I H I I T 

(MMHOS/CM) 
^ 

TXC 

100G) 
5U-2JU' 

1 5 0 - 3 0 
30-120 

100-200 

U73UMJ7S3 
0.25-0,40 
0.25-0.40 
0,15-0.30 

U.J3-U.43 
0.45-0.55 
0.55-0.65 
0.35-0.45 

I . . 3 - ^ . a 
4 .5 -7 .8 
4 ,5 -7 .3 
4 .5 -7 .3 

DEPTIT 
( I N , ) 

UHGANIi; 
MATTER 

(PCT) 

i i l lNINA-
SUELL 

POTENTIAL 

bHUSlUN 
FACTORS 

UTIJD" 
ERGO, 
GROUP 

tDHHDSIVlIT 

0-9 
0-9 
9-66 

>70 
>70 
>70 

VLUUDINU" 

wTUD 
ERGO, 
INDEX 
735-
56 
38 

SIbbL 
HIGH" 

CONCHbIb 
HCObNAlb 

HIGH UAIbR lABLt I ̂ .twtNitu naw SbUBOCt • SUBSlUtNOE" Tmr 
GRP 

pu ibN i ' i : 
FROST 
ACTION i-KbUUbNCT 

•NUNfc *—" 
DUHAIIUN IHUNIH5 

"TIEPTH I — r m — I H 0 N I H 5 ' UbtJ|H|HAHUNESi> 
: F T ) I 1 J J H l 4 ^ T?tnr"»PT'CTETrr SEP-JUIT 

UbPIH |HAUUNb!>!> 
( IN ) I 

I N I L i r O T A L 
( IN) ( IN) 

>6U I I 1-4 55-feUTf7D"—JTrCIT 
LDNiJIRUCMUN .«Alt«IAL 5ANIMRY ?AClL!r igS 

SkVERb-SUSSIOES,PaNDINli.r>bKL'S SLOULT pooR-ubrNbus.'mu "SIHENGIH-SEPTIC TANK 
ABSORPTION 

FIELDS 

SbVbHb-l>kbPAUb, PUNU1HU. bXUbSS HUMUS 

ROADFILL 

IHPHUUAHLb-bXCbSS HUMUS 
SEWAGE 
LAGOON 
AREAS 

SANO 

!>bUbHb-PuNOiN( i . tXL l ^^ MUHU5 IHPHOUABLb-bXCbSS HUHUS" 
SANITARY 
LANDFILL 
(TRENCH) 

GRAVEL 

SbVbMb-PUNOINU,SEb>'ACE 
SANITARY 
LANDFILL 
(AREA) 

PUOH-UEINbSS.bXCbSS HUMUS 

TOPSOIL 

PQUR-PONOINU.bXLESS HUHUS' 
DAILY 

COVER FOR 
UNOFILL 

BUILDING SITE OEVELOPWENT 
^bVEHE-PONDlNU.bXCESS MUHUr 

PONO 
RESERVOIR 

AREA 

WATER MANAGEMENT 
SEVbHb-Stbl^AGt 

SEVbHE-bXL'ESS HUMUS,fiUNUlHU 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
DIKES AND 

LEVEES 

tibAHE-SUBSlCbS,PONDING,LUU SlUbNGIH SEVERE-SLUU K b M L L 
DUELLINGS 
WITHOUT 
BASEMENTS 

EXCAVATED 
PONDS 

AQUIFER FED 

'^bVbNb-!>UHSlUb!>,; 'UNUINIj ,LUU li lWbNUIH rh!U!»l A;;MUN,!»UUSlUbS,PUNi; iWI. 
DWELLINGS 

WITH 
BASEMENTS 

DRAINAGE 

iibVbi<b-aJSS.!DbS,PUNUlNG,LLM StabNCIH «H,,'^PT>a,?!:Al: PONDING 
SP,*1UCK: PONDING,SOIL BLOUING SMALL 

CCMHERCIAL 
3UILDINCS 

IRRIGATION 

3c<t.'<t-3i,di.Jti,.-'l.NUlsl,,.-:̂ CST IC; ! JM -iM,."PT,?a,.-'=Ar: JU^DIMG 
$P,.HUCK: PCNOiNG.SOIL SLCUINC •-CCAL 

;CAOS ANO 
STREETS 

—crors";;— 
LANOSCAPtNG 

AND GOLF 
FAIRWAYS 

"•ERRACES 
INO 

D ; V E . T S ; C N S 

'SkVbKb-bXCbSS HUMUS,POND I NO 

. 

GRASSED 
WATERWAYS 

'.'fclNESS 



MI 0007 

MLRA(S): 97, 98 
REV. LWB, 9-87 
TYPIC ,HAPLU0ALFS, 

S O I L I N T E R P R E T A T I O N S R E C O R D 

<ALAMAZOO SERIES 

FINE-LOAMY, MIXED, MESIC 

THE KAUMAZOO SERIES CONSISTS OF WELL DRAINED SOILS FORMED IN LOAMY OVER SANOY GUCIOFLUVIAL DEPOSITS ON OUTUASH PLAINS 
TERRACES, VALLEY TRAINS AND LOU LYING MORAINES. THE SURFACE LAYER IS DARK GRAYISH BROUN LOAM 11 INCHES THICK. THE DARK 
YELLOUISH BROUN AND DARK SROUN SUBSOIL IS LOAM, C U Y LOAM AND SANDY LOAM IN UPPER 27 INCHES AND LOAMY COARSE SAND ANO 
LOAMY SANO IN LOWER 17 INCHES. THE SUBSTRATUM IS DARK YELLOWISH BROWN COARSE SAND. SLOPES RANGE FROM 0 TO 18 PERCENT. 
CROPLAND IS THE MAIN USE. 

t3t7TTT 
( I N . ) 

b S l l H A I b O SOIL PROPbHIlbiJ (A"^ 
TOtCT 
>3 IN 
iPCn 

PERCENT OF HATERIAL LESS 
THAN 3 " PASSING SIEVE NO. 

L I Q U I D ' 
LIMIT 

PLA5- '• 
TICITYI 
INDEX 

- I T T T 
a-11 
0-11 

11-38 
38-55 
55-60 

USOA TEXTURE UNIFIED AASHTO 

I T T 
0-5 
0-5 
0-5 
0-5 
0-5 

I IU I 4Tr "ZDD" 
70-9b-10D /u-iuu tb-yu 

95-100 70-100 45-70 _ 
95-100 90-100 80-100 65-90 
80-100 70-95 40-95 24-80 
80-100 60-95 30-70 " 
40-100 25-100 10-70 

- 5 3 5 -
<30 

20-30 
25-45 

<25 

HP-10 
4-10 
7-25 

NP-7 
NP 

0r?TlT 
( I N . ) 

L 
SL 
S I L 
CL , SCL. GR-SL 
LCDS, L S , GR-LS 
S, GR-S 

(PCT) 

H L , C L - H L , 
SM, SM-SC, 
CL -ML , CL 
SC, CL 
SM, SP-SM, 
SP. SP-SM. 

r r 
SC 

SM-SC 
GP. GP- GM 

; , A - 6 
2 - 4 , A 
4 
* , A - 6 , 
2 - 4 , A -
1 , A - 3 
S6TL 

REACTION 
PH) 

4 , A - 1 - 8 

A - 7 , A - 2 
1-8 

A - 2 

EROO. 
GROUP 

sen 
20-40 

10-30 
0-15 

ORGANIC 
HATTER 

IgCT? 

CORROStVITY 

• D - n 
• M l 

11-38 
33-55 
55-60 

3-20 
10-20 
13-35 
2-15 
0-10 

HOIST BLILJC 
DENSITY 
(G/CM3) 

T E R M B T " 
B I L I T Y 
( I N / H R ) 

A V A I U B L E 
UATER CAPACI 

(IN/IN) 
TY 

SALINITY 
(MMHOS/CM) 

SHRINK 
SUELL 

POTENTIAL 

bKOSlON 
FACTORS 

S l b E L ICUNCRTTF 
"TOD- rzn-1 .JU- l . W 

1.30-1.65 
1.20-1.40 
1.35-1.70 
1.50-1.65 
1.50-1.65 
' "i=LOODING 

, 6 - 2 . 0 
2 .0 -6 .0 
0 .6 -2 .0 
0 .6 -2 .0 
6 .0-20 
6 .0-20 

U.'16-U.22 
0 .10-0.15 
0 .22-0 .24 
0 .10-0 .18 
0 .02-0 .08 
0 .01-0 .03 

l - T t j 
1-7.3 
1-7.3 
1-7.3 
1-7.3 
4 -3 .4 

roB-
LOU 
LOU 

MODERATE 
LOU 
LOU 

CEHEHTED PAff 
UbKIHIHAKUNC^A 
(IN) 

757 
.24 
. 3 7 
.32 
.15 
. 1 0 

=3^ 
1-3 
! - 3 

.1 

BEDROCK SLIBSIBENCE ITTTO" 
INlT.irOTAClGRP 
( IN) 

TOT -ITTCTT 

.KbOUbNCT 
^lONE 

DURA I ION MONTHS 
DEPTH 

sm 
UATER rABLIi 

-mil TKT OEPTR-
( IN) 

t s r 

HARDNESS 
( IN) 

FROST 
ACTION 

s 'MCDESAT; >67 
SANITARY FACILITIES 

U-lbX: SEVERE-POOR FILTER 
ISi-X: SEVERE-POOR FILTER,SLOPE 

CONSTRUCTION MATERIAL 
U-15X; 5000 
15-18X: FAIR-SLOPE SEPTIC TANK 

ABSORPTION 
FIELDS 

U-/X: SEVERE-SEEPAGE 
7*X: SEVERE-SEEPACE,SLOPE 

ROADFILL 

PHUBAULk 
SEWAGE 
LAGOON 
AREAS 

SAND 

U-lbX; iibVbXb-iJbbPAGE 
15->-X: SEVERE-SEEPAGE,SLOPE 

PROBABLE 
SANITARY 
-.ANOFILL 
(TRENCH) 

GRAVEL 

J-lbX: SEVERE-SEEPAGE 
IS-S: SEVERE-SEEPAGE,SLOPE 

J-lbX: POOR-SHALL STONES,AREA DECLAIM 
151-X: POOR-SMALL STONES, AREA RECLAIM, SLOPE SANITARY 

LANDFILL 
(AREA) 

TOPSOIL 

U-I5X: PLUU-IHIH UTbK 
15-X: POOR-SLOPE. THIN UYER DAILY 

COVER FOR 
LANDFILL 

BUILDING SITE DEVELOPMENT 

^i^xr 

POND 
RESERVOIR 

AREA 

J-I5S: JEVEfib-SUIBANK CAVE 
15*X: SEVERE-CUTBANKS CAVE.SLOPE 

WATER MANAGEMENT 
J-yX: SbVEHE-SEEPAGE 
3*X: SEVERE-SEEPAGE,SLOPE 

SEVERE-THIN LAYER 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
DIKES AND 

LEVEES 

J - 3 X : .MOUbHAIb-SHRlNK-SUbLL 
3 - 1 5 X : MQOERATE-SHRINK-SWELL,SLOPE 
1 5 - X : SEVERE-SLOPE 

SEVERE-NO U A I b H ' 
I DUELLINGS 

WITHOUT 
I BASEMENTS 

EXCAVATED 
PQNOS 

AOUIFER FED 

J-HX: ,HU)bHAIb-SHRIWR-5Vlh'LL 
3-15X: MOOERATE-SLOPE,SHRINK-SUELL 
15-X: SEVERE-SLOPE 

SbbP 10 UAIbH 
DWELLINGS 

•WITH 
3ASE.MENTS 

•J-LX; .HOOERATb'-SHRINK-SWELL 
i.-3X: MCOERATE-SHRIHK-SUELL,SLOPE 
3-X: SEVERE-SLOPE 

DRAINAGE 

3-JX L,SIL; .-AVORABLE 
3-X L.SIL: SLOPE 
0-3X sL: DROUGHTY 
3-X SL: SLOPE,DROUGHTY 

SMALL 
CCMMERCIAL 
BUILDINGS 

i •J-aX; .lOObHAIE-SHRINR-SUELL,LLJU STWENGTH 
.CCA. i 3-15S: MCOERATE-SHRINK-SU£LL,LOU STRENGTH, 

?aAOS ANO I SLOPE 
STREETS I 15-y.: SEVERE-SLOPE 

IRRIGATION 

J-aX l,SL: r-AVOHABLs 
3-y. L.SL: SLOPE 
a-3X SIL: ERODES EASILY 
3-"/. SIL: SLOPE,ERODES EASH 

TERRACES 
ANO 

DIVERSIONS 

— r r o i r — 
LANDSCAPING 

AND :aLF 
-AIRWAYS 

J-3X SIL: :iL;CHI 
3-15X SIL: MOOERATE-SLOPE 
0-3% L,SL: .MODERATE-SMALL STONES 
3-'5% |.,SL: MODERATE-SMALL STONES,SLOPE 
•5-';: SEVERE-SLCPE 

?;;•::ONAL ..'Ji'i.̂ pî grAfirNS 

1 "J-3X L.Sl; .-AVUHAULt 
GRASSED 3-X L,SL: SLOPE 

WATERUAYS I 0-37. SIL: ERODES EASILY 
1 a-". SIL; SLOPE, ERODES EASILY 
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MLRA(S): 97, 98, 99, 111 
REV. LUB, 2-89 
AQUOLLIC HAPLUOALFS, FINE-LOANT, MIXED, MESIC 

KIBBIE SERIES 

THE KIBBIE SERIES CONSISTS OF SOHEUHAT 
OUTUASH PUINS ANO DELTAS. THE SURFACE 
GRAYISH BROUN MOTTLED LOAM 4 INCHES THI 
THE SUBSTRATUM IS BROWN MOTTLED STRATIF 
MOST OF THE SOILS ARE USED FOR CROPLAND 

POORLY DRAINED SOILS FORMCO IN LOAMY GLACIOFLUVIAL DEPOSITS OH U K E PUINS. 
UYER IS VERY DARK GRAYISN BROWN LOAM 7 INCHES THICK. THE SUBSURFACE UYER IS 
CK. THE SUBSOIL IS BROWN MOTTLED SILT LOAM ANO SILTY C U T LOAM 25 INCHES THICK. 
lED SILT LOAM, FINE SANO ANO VERY FINE SANO. SLOPES RANGE FROM 0 TO 6 PERCENT. 

bSllHAIbP SOIL PHUPEHIIbS (A 
rePTiT 
(IN.) 

TOtcr 
>3 IN 
CPCfi 

TERCENr OF HATERIAL LESS 
THAN 3 " PASSING SIEVE NO. 

Liauio 
LIMIT 

PUS-
TIClTY 
INDEX 

- r r r 
0-11 
0-11 

11-34 
34-60 

USOA TEXTURE 

TTTnt 
L^S 
FSL, SL, VFSL 
S IL . SICL, S t t 
SR-SlL-FS 

UNIF 

ML, fA., CL 
SM, SM-SC 

CL, SC 

lED 

w 
. tt 

. tt 

A - * , * - 0 
A -4 , A-2 
A-4 A-6 
A-4 , A-6 , 
A-4 A-2 

AASHTO 

-rair 
3 " PASSU 
1 lU 1 "TO I 40 " i ' 7 l l U ' 

100 ' lB -100 4U-W - T 3 5 -

25-45 
<30 

T i r r r 
NP-7 
HP-11 
9-25 

NP-10 
A-7 

70-99 30-45 100 100 ^ - -
100 100 75-95 40-60 

90-100 85-100 80-100 35-90 
100 95-100 70-95 30-80 

OETTTT 
( I N . ) (PCT) 

- ITTT 
0-11 
0-11 

11-34 
34-60 

0-15 
2-20 

18-35 
2-18 

HOIST BULK 
DENSITY 

1.40-1.65 
1.40-1.65 
1.40-1.65 
1.40-1.70 

PbRKA-
8ILJTY 
(IN/HR) 
0,6-2,0 
2,0-6,0 
0,6-2,0 
0,6-2,0 
0.6-2,0 

AVAIUBLE 
UATER CAPACITY 

(IN/IN 
0,'T6-0,24" 
0.13-0,18 
0.16-0.20 
0.17-0,22 
0,12-0,22 

SOIL 
REACTION 

PH) 

5.6-7.3 
5.6-7.3 
5.6-7.3 
7.4-8,4 

SALIHITT' 
(MMHOS/CM) 

SHRINE--
SWELL 

POTENTIAL 
Tor 
LOW 
LOU 
LOU 
LOW 

EROSTOr 
FACTORS 
-r 

vntr 
EROO. 
GROUP 

ORCAHIC 
MATTER 
(PCT) 

2-3 
2-3 

CORRUSIVIIT 

"STEET TORCTFTE 
HICH-UCDERinT 

t-LODDIW: KICK UATER r J O C S UEHtRlbfl PAT 
DbHIHIHAUONbSli 

sm. 
mnocK SUBSIDENCE TTTir 

GRP 
POTENI'L' 

FROST 
ACTION l-KbUUkNCT 

NONE 
OUHAIlUM HOBTW 

"TJEPTT 
( F T ) 

TTwr lomrr UbHIH IHAHUNbSS 
( IN) 

TUTT? 
i lN l . 

TOTAL 
i lNI. 

HIGH l.'U-2,UlAPPATCin' •mnoT 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILIYIES 

SEVERE-UETNESS 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DUELLINGS 
WITHOUT 
BASEMENTS 

DWELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROADS AMD 
STREETS 

LANOSCAPtNG 
ANO aOLF 
FA 1RWAYS 

SEVERE-CUTBANKS CAVE,UETNESS 

• .HCBERJiTE-arniESsr"-''^—' — 

7EGICNAL INTESPRFTATTCHS ' 

ROADFILL 

SANO 

GRAVEL 

TOPSOIL 

CONSTRuaiON HATERIAL 
FAIR-UBTHESS 

WATER MANAGEMENT 

RESERVOIR 
AREA 

EMBANKMENTS 
OIKES ANO 

LEVEES 

E)(CAVATEO 
PQNOS 

AOUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
ANO 

DIVERSIONS 

GRASSQ) 
WATERUAYS 

U-.i:i: HODbKAIb-SbbHAU: 
3-6Xj MOOERATE-SEEPAGE,SLOPE 

SbVbRE-PIPlHC,UETNESS 

3*X: FROST ACTION,SLOPE,CUTBANKS CAVE 

U-iX L.SJL.FSL.SL.VFSL: UETNESS 
3-X L,ilL,fSL,4L.VFSL: SLOPE.WETNESS 
0-3X LFS: WETNESS,FAST INTAKE 
3-X LFS: SLOPE.WETNESS,FAST INTAKE 

'WblNE5S,bKCDbS bASlLT 



.-(10253 S O I L I N r i R P t l T A Y l O H t t t C O l O 

M L S A f S ) : 9 8 . I l l H O N t S t R I I I . 
»EV. LW5 2 - 3 9 
TYPIC H t P L U O A L / J . LOAXY-SKELETAL, MIXED, MESIC 

TW£ L-OHI « R i e j CONSISTS OF WELL ORAINEO SOILS FORMCO IN OUCtOFLUVIAL MATERIAL ON UPLANDS. THf SURFACE I C I L IS V « t T 
'DAti; CAAYISH i>iO 3 v a j u SRiVELLY SAVOY LOAN 13 INCHES THICK. TNI SUISOIL IS HOUN GRAVELLY SANOY LOAN 29 tNCHEt T H i a . 
r v i SuesTRAIUM i s DARK Y C L L O W I S H S R O U N V E R Y G R A V E L L Y LOAMY U N O . SLQPfS lANCC FROM 0 r o 40 PCRCCMT. AREAS A A I IN 
CJQPLANO, UCCCLANO AWO i>ASTUREUNO. : .^- . - • 

SfVI TART FACILITItS 
• D - " y t : ' S g t l l A H ; - P E « C 5 i t tUULt 
5 - l j - . - X r H S A T E - P E R M SLCULY,SLOPC 
1 ' X: SEVC'E-SLOPli 

;f?''!ZSj"^°'* ''*^"'*'-
SEPTIC TANK 

iSSORPTI,-?!* 
I MELDS 

SFJACE 
LA(;OON 
I D E A : 

7 - t : S E V ; : « E - S : E P A C E , S L O P E 

SANITARY 
•. iWOFILL 
; TJENCH) 

' I T - T ; : : 5 t :V t?b -1 . t : tPA( ,L , IOU 5AH0T 
1 5 - t : SEVERE-SEEPAGE,SLOPE,TOO .iANOY 

^ - l i : ; i cVL.JE- !Jk tP»( ,e 
1 5 - X : sevCR£-$££. 'AC£,SLOPE 

ROMriLL 

SANO 

C l A V t L 

" D - l i i J CCtJT 
I J - b X l F A I R - J t O P f 

7i*xi — POOR-ILOPE 

"PUUUAULb 

KKUHAULt 

U-I5AI" POJH-^HALL ilUUI-S.AatA »EeUIH 
I S - X l POOR-SMALL SrONCS,AieA U C U i M , S L O P E SANITIRY 

LAMOfILL 
(AREA) 

TOPMIL 

" , n . t V - i . U > ^ t ' . b . i r r 5AUUT.!>P.ALL M U H H " 
J i l L " 

COVER >0« 
LANDFILL 

^UiLPINO SITE OEytLOPMEMY 

PONO 
Rf lCRVOIR 

TT- iS.W SEVERK-CLITgAMUS U V | 
I S - X t SCVCve-CUTIANKS CAVE,SLOPE 

WATER MlWAegMENT 
• I J - a t l l l V k « t - i k t P i I , b 
8 * l i SEVERE-SEEPAGE,SLOPC 

SEVlAE-SbEPACli 
SH.«LLOU 

EXCAVATIONS 
CMBANimCNTt 

e i K I S AND 
LIVCES 

r e V l R b - U U W A i m 

DUELLINGS 
WIT':CJY 

a.^SE-ENTS 

i .-a;. ••.vioHi 
fl-ISXl MOJERATe-nOPR 
15-.T: SEVERE-SLOPE 

CtCAVATIO 
PONOS 

AOIJIFCR FfO 

:'-<:Li. i N c : 
',1TK 

3AS£M£:WT3 

•J -3S: S L i l i H I 
d - 1 5 X : ;*D0ERATE-I10PE 
li-t: SCVtRE-SLOPE 

U t t r IW UAICH 

OIAINAGC 

S><*LL 
C C . - - J 5 C U L 
SUILJ I - 'CS 

rcTT 
.-rOERATC-ILOPC • • t : S£VEJ£-Sl5<»e IRRICATIOM 

0 - J X 3 S - 5 L i 8 I IUJ( .HI t " ! 
3 -X CR-SL; SLOPE.OaaJCHTY _ _ . . 
O-JX CR-LS l OSCUdHTY,FAIT INTAKE 
3 -X CR-LS l SLOPC,OROUGNTY,FAST INTAKI 

'J-iii liLIL-*! 
(i-lSI: '<BERATE-5L0P« 
15-X: SEVER",-JLCFH 

; -COL 
I 3C«0S '"O 
i STHEETS I 

L.V-U5, ; J-HZ; )A.Ut«AH-!,NALL MUMtt.LAHLb VILHbi 
il AwOSCJoUc J-15": .«<a£aATe. SMALL ITONtJ,LARGS STONES. 
1 iwo coLF SL;PE 

.- I ISUATS I ' 5 - X : SEVERE-SLOPE 

TCRRACSS 
ANO 

eivcxsiONs 

U-aXi LAKLb jIUWbSJIUU ^AHU! ~ " 
S-K: SLOPE,LARCe trOMfl.TOO UUOT 

eiASiCD 
WATERWAYS 

U-BX! LAULb SH)Nb!..UIIUUU«H 
8-X: LARGE STONES,iLOPe.BIOUCHTY 

~nc::«iL mitJPibiAiicu!.' 
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MLRACS): 95A. 958, 98, 97, 111 
REV. LUB, 2-&9 
LOOLLIC OCHRAOUALFS, FINE-LOAMT OVER SANOY OR SANOY-SKELETAL, NIXED, MESIC 

MATHERTON SERIES 

THE MATHERTON SERIES CONSISTS OF 
OUTUASH PUINS, VALLEY TRAINS ANO 
SUBSURFACE UYER IS GRAYISH BROWN 
ANO GRAVELLY CUY LOAM 24 INCHES 
MOST AREAS ARE USED FOR CROPUNO 

SOMEWHAT POORLY ORAINEO SOILS FORMED IN LOAMY ANO SANOY GLACIOFLUVIAL DEPOSITS ON 
TERRACES, THE SURFACE UYER IS VERY DARK GRAYISH BROWN SANOY LOAM 8 INCHES THICK, THE 
LOAM 3 INCHES THICK, THE SUBSOIL IS SROWN ANO GRAYISH BROWN MOTTLED SANOY C U Y LOAM 
THICK, THE SUBSTRATUM IS LIGHT GRAY GRAVELLY SANO. SLOPES RANGE FROM 0 TO 6 PERCENT. 

bSTIHA bU iiUIL PHUPtHllbii 
rePTTT 
( I N . ) 

TRTCT 
>3 IN 

PERCENT OF HATERIAL LESS 
THAN 3» PASSING SIEVE NO 

LIDUIB 
LIMIT TICITY 

INDEX 
-TJ^TT 

0-11 
0-11 

11-35 
35-60 

USOA TEXTURE 

t 
SIL 
SL 
S t t . G « - t t . L 
GR-S, S, Giv-S 

UNIFIED AASHTO 

tt, 

GP, 

PEIWEA-
BILITY 
: IN/HR) 

m c 
tt-Ml 
SM-SC 
tt 
SP, SP-SM, 

A - t , A-& 
A - 4 , A-« 
A -2 ; A -4 , A-1 
A - 6 , A -2 , A-7 

GP-GM A - 1 , A -3 , A-2-4 

8:1 
0-5 
0-10 

4 I IU ^ ! "LU 

vu-iuo'/^-iuu U-i.* 
2Dtr 

5n?7r "70=30" 
2 0 ^ 

30-45 

4-11 
NP-7 
10-25 

NP 

90-100 75-100 70-100 50-90 
90-100 7§-100 45-70 20-40 
85-95 60-90 50-90 30-75 
40-100 25-75 20-55 0-15 

DEPTW 
( I N . ) 

CLAY 
(PCT) 

0-11 
0-11 

11-35 
35-60 

TTTO 
12-20 
10-20 
20-35 

0-10 

HOIST BULK: 
DENSITY 

1.3U-1.6b 
1.30-1.65 
1.40-1.65 
1.40-1.70 
1.50-1.65 

(IN/HR) 
2.LI-«.U 

AVAIUBLE 
WATER CAPACITY 

( IN / IN ) 
i j : i 3 - u , a 
0.15-0.24 
0,13-0.15 
0,12-0,18 
0,02-0.04 

sort 
REACTION 

PH) 

SALIHITT 
(MMHOS/CM) 

SHEIHE-
SWELL 

POTENTIAL tor 
LOW 
LOU 

MODERATE 
LOW 

EROfTOV 
FACTORS 
t I r 

•BTwr 
EROO, 
GROUP 

OBGAHie 
NATTER 
(PCT) 
*7^r 
2-4 
2-4 

CaRROSlVlIT' 

SIbbL ILTJILTETE 
HCObHAlb ror _.U-*,IJ 

2 .0 -6 .0 
2 ,0 -6 ,0 
0 ,6 -2 .0 

>6,a 

5 . 1 - / ' . 3 ' 
S.1-7.3 
5 .1 -7 .3 
5 .1 -7 .3 
7 .4-8 .4 

l-LUCDlNe HIGH WATER nraCF TEHElT ThB PAH 
HAUOHbSS 

abOROcx' SUBSIDENCE TTTtr 
GRP 

POTENT'L 
FROST 
ACTION rKbUUENCT 

.IJONE 
OUHAIiUM W H T B r 

DEPTH Tmr TKT OEPTT 
( I N ) 

TJEF TTT 
(IN) 

I HARDNESS Tun ( I N ) ( I N ) 
TOTTC 

TTGH" Tnr APPARENT npyiwr >eu 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SANITARY FACILITIES 
SEVbRE-UEINb!>S.PUUI HLIbH 

stvbia-5bbPAa,m!iiitss 

CONSTRUCTION MATERIAL 

ROAOFILL 

FAIR-UETHESS 

PWJWI l t " 
SEWAGE 
LAGOON 
AREAS 

SANO 

^bVEUb-SbbPAUb,UEIHESS,lUU SANOT PHUBABU 
SANITARY 
LANDFILL 
(TRENCH) 

GRAVEL 

SEVERE-SEEPAGE,UETNESS POOR-SMALL STONES,ARbA UbCUIH 
SANITARY 
LANDFILL 

(AREA) 
TOPSOIL 

Wm-!JtbH>Ut,IUU !JUBT,SWLL SlJIbS 
DAILY 

COVER FOR 
UNOFILL 

BUILDING SITE OEVELOPWENT 
"^VEUb-CUIBAWis UVb,UEI NESS 

PONO 
RESERVOIR 

AREA 

UATER MANAGEMENT 
SbVbHb-SbbPAUb 

SbVERb-SbEPACE,UETNESS 
SHALLOW 

EXCAVATIONS 
EMBANKMENTS 
OIKES ANO 

LEVEES 

!>bVbHb-UblNbSS SbVEHb-CUTBANU U V l ' 
DUELLINGS 
WITHOUT 
BASEMENTS 

EXCAVATED 
PONOS 

AOUIFER FB) 

i ibVbRfc-UblNbSS U-AXi I-HUSI'ACTlOH.eUTBANtS tJtVh 
3 « X : FROST ACT I ON, SLOPE, CUTBANKS a V E DUELLINGS 

WITH 
BASEMENTS 

DRAINAGE 

SbVERE-UETNESS U-3X L.SIL: 'WETNESS 
3-X L,SIL: SLOPE.WETNESS 
0-3X SL: WETNESS.SOIL BLOWING 
3-X SL: SLOPE.WETNESS,SOIL BLOUING 

SMALL 
COMMERCIAL 
BUILDINGS 

IRRIGATION 

"!>bVEHK-l-HUSI ACIIUI L.SIL; UEINbSS.IUU SANUT 
SL: UETNESS.TOO SANDY.SOIL BLOWING LOCAL 

ROAOS ANO 
STREETS 

TERRACES 
ANO 

DIVERSIONS 

r X B S T , — 
LANOSCAPtNG 

ANO GOLF 
FAIRUAYS 

MUJbKAIb -U l lNbSS UETNbSS 
GRASSED 

UATERUAYS 

^E'SIONAL I H I b l J P R b i A l i e H B -
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!iLRA(S): 95B, 97, 98, 108, 110, 111 MORLEY SERIES 
REV. JCD, 10-37 WELL DRAINED 
TYPIC HAPLUOALFS, FINE, ILLITIC, MESIC 

THE MORLEY SERIES, WELL DRAINED, CONSISTS OF WELL DRAINED SOILS FORMED IN GUCIAL TILL ON UPLANDS. THE SURFACE LAYER IS 
VERY DARK GRAY SILT LOAM 4 INCHES THICK. THE SUBSURFACE UYER IS GRAYISH BROUN SILT LOAM 5 INCHES THICK. THE SUBSOIL IS 
3R0UN SILTY CLAY LOAM ANO SILTY CLAY 33 INCHES THICK. THE SUBSTRATUM IS BROUN SILTY C U Y LOAM. SLOPES RANGE FROM 1 TO 50 
PERCENT. MOST AREAS ARE USED FOR CROPLAND. 

UEFnr 
( I N . ) 

bSllHAIbU SUIL f^HUPbHITES" 

>3 IN 
PERCENT UI- MATERIAL LESS 
THAN 3" PASSING SIEVE NO. 

LJOUID 
L IMIT 

PIA5-' 
TICITY 

NOEX 
-17^7-

0-9 
0-9 
9-14 

14-42 
42-60 
OEPnr 
( I N . ) 

USOA TEXTURE 

STTT" 
CL 
S I t t 
SICL, 
SICL, 
SICL, 

r 

CL 
SIC, C 
CL 

UNIFIED AASHTO 

0-5 
TU- -ar "znnr 

V5-1U0^Ji-IUU VU-IUU'/b-M!) 
95-100 90-100 35-95 30-90 
95-100 90-100 85-95 30-90 
95-100 90-100 85-95 80-90 
95-100 90-100 85-95 80-90 
95-100 90-100 85-95 30-90 

-TT^zir 
30-45 
30-45 
30-50 
30-60 
30-50 

~?^T5-
15-25 
15-25 
15-30 
15-35 
15-30 

CL, CL-HL 
CL 
CL 
CL 
CL, CH 
CL 

A-6, 
A-6 
A-6 
A-6 . 
A-6 

A-7 
A-7 
A-7 
A-7 
A-7 

fiST 
REACTION 

PH) 

SHRINK-
SUELL 

POTENTIAL 

EROSION 
FACTORS 

< I T 
ymo 
EROO. 
GROUP 

ORGANIC 
MATTER 
fPCT) 

CORROSI^lIT 
(PCT) 

0 -9 
9-K 
14-42 
42-60 

HOIST BULK 
DENSITY 
(C/CM3 

PERHEA-
BILITY 
(IN/HR) 

AVAIUBLE 
UATER CAPACITY 

(IN/IN) 

SALINITY' 
(MMHOS/CM) 

1-2 
1-2 

STbEL !COHT:ffETT 
r<IGH jHOObRAFS 

27-55 
27-35 
27-40 
35-50 
27-40 

V:ila-1.!a!a 
1.40-1.60 
1.35-1.50 
1.45-1.65 
1.55-1.70 
1.60-1.80 
' PLDCOING 

6'-2.1J 
0.2-0.6 
0.2-0.6 
0.2-0.6 

0.06-0.6 
0.06-0.6 

lJ.iiU-U.2'. 
0.18-0.20 
0.20-0.22 
0.13-0,20 
0.11-0.15 
0 07-0.12 

?.1-6.b 
5.1-6.5 
5.1-6.5 
5.1-4.5 
6.1-8.4 
6.1-8.4 

-rem 

U3U" 
MODERATE 
MODERATE 
MODERATE 
MODERATE 
MODERATE 
TEO PAN 
HARDNESS 

3EDRDCX SUBSIDENCE |"RTO POTb.NPL! 
FROST I 
ACTION I i-abUUbNCT 

•VONE 
'aUHATlON HONIHS 

BEPTH 
JFTl 

'>iiGH UATER T)rarr 
111 NO MONTHS TJEinTT 

( I N ) 
DbPIH 

( IN) 
>t>u 

HARDHbSS I N l I 
( I N ) 

TODtr GRP 
( I N ) 

• IMODEIIAT?! >5T 
SANITARY FACILITIES 

1-15X; SEVERE-iJERCS SLOULV 
1S-X: SEVERE-PERCS SLOULY,SLOPE 

CONSTRUCTION MATERIAL 
1-25X: POOR-LOU SIRbNGIH 
25-X: POOR-LOU STRENGTH,SLOPE SEPTIC TANK 

ABSORPTION 
FIELDS 

\ - a : SLIGHl 
2-7X: MOOERATE-SLOPE 
7-X: SEVERE-SLOPE 

ROAOFILL 

lHPHDUAULb-bXLbS!> rlNb^ 
SEWAGE 
LAGOON 
AREAS 

SANO 

1 - IbX : SEVE.^b-Kja L'LATbT 
15 -X : SEVERE-SLOPE,TOO CLAYEY 

IHfHOHABLk-tXL'ES!.' r l H t S 
SANITARY 
.ANDFILL 
(TRENCH) 

' • i Z : SLISm 
3-15X: MOOERATE-SLOPE 
15-5!: SEVERE-SLOPE 

CRAVEL 

SANITARY 
LANDFILL 
(AREA) 

TOPSOIL 

M^iX: POOR-THIN LAYER 
15-%: POOR-THIN LAYER,SLOPE 

I - l i X : AODH-IUU. CLATliT,HAHD 10 ^ M X 
15 -X : POOR-SLOPE, TOO CUYEY,HARD TO PACK DAILY 

i COVER =0R 
I LANDFILL 

WATER .MANAGEMENT 

BUILDING SITE DEVELOPMENT 
1-aX: HODERAIE-TOO CLAYEY 
3 - 1 5 X : .MODERATE-TOO CUYEY,SLOPE 
1 5 - X : SEVERE-SLOPE 

PONO 
RESERVOIR 

AREA 

l-JS; 5L1UM1 
3-8X: MOOERATE-SLOPE 
3-S; SEVERE-SLOPE 

.'MODERATE-HARD TO HACH 
I SHALLOW 
I EXCAVATIONS 

EMBANKMENTS 
DIKES ANO 

LEVEES 

I -3X : .^OlbHAIE-SHHlNR-SUELL 
3 - 1 5 X : MOOERATE-SHRINK-SUELL,SLOPE 
1 5 - X : SEVERE-SLOPE 

:;bVbl<b-.NU WAIkH 
•DWELLINGS 

WITHOUT 
BASEMENTS 

" . - 3 X : .mbHAIb -SHHINX-SUELL 
3 - t 5 X : MOOERATE-SLOPE,SHRIHK-SWELL 
15 -X : SEVERE-SLOPE 

EXCAVATED 
PONDS 

AOUIFER FED 

ObHP ;U WAIEH 
DWELLINGS 

•WITH 
BASEMENTS 

DRAINAGE 

!-;: 'WOERAfS-SHRINg-SUELL 
i-3X: '^OOERATE-SHRINK-SWELL,SLOPE 
S-S; SEVERE-SLOPE 

^-iX: -ieReS SLOUL? 
3-Y.: SLOPE,PERCS SLOWLY SMALL 

:CMMERC:AL 
3UI.DINGS 

IRRIGATION 

i-liX: iifc'Jb̂ b-LLIU ^IKbNGIH 
15-X: SEVERE-LOU STRENGTH,SLOPE 

:-ar,; ;.^uobs IAIJILT 
3-X: SLOPE, ERODES EASUr 

.DCAL 
^OAOS AND 
STREETS 

TERRACES 
ANO 

DIVERSIONS 

.AWNS, 
.AN05CAPINC 

ANO :OLr 
-AIRWAYS 

- iX ; 'i:-^'A\ 
3 - ; 5 ^ ; .'^OOERATE-SLOPE 
: 5 - X : SEVERE-SLOPE 

:-- iT.: 'SLIDES I A S I L V ..-'b.'^CS JL. 'L 'L ' 
: R A S S £ 0 i 3-.'''.; SLOPE,iRODES =ASi LT , =E.RCS SLC-L ' 

.WATERWAYS ! 

? ^ : : : N A L ' i i^.-tPHE-'AtioTir 



MI 0 0 3 3 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 9 1 , 95B, 97, 98, 111 OSHTEMO SERIES 
REV. LUB, 2-39 
TYPIC HAPLUOALFS, COARSE-LOAMY, MIXED, MESIC 

THE OSHTEMO SERIES CONSISTS OF UELL DRAINED SOILS FORMED IN LOAMY ANO SANOY GALCIOFLUVIAL DEPOSITS ON OUTUASH PUINS, 
VALLEY TRAINS ANO MORAINES, THE SURFACE UYER IS DARK GRAYISH BROUN SANOY LOAM 9 INCHES THICK, THE SUBSURFACE UYER ts 
BROWN SANOY LOAM 5 INCHES THICK. THE SUBSOIL IS DARK REDDISH BROWN SANOY LOAM IN UPPER 21 INCHES ANO DARK BROM LOAMY 
SANO IN LOUER 25 INCHES. THE SUBSTRATUM IS GRAYISH BROUN COARSE SANO ANO FINE GRAVEL. SLOPES RANGE FROM 0 TO 55 PERCENT. 
CROPLAND IS THE MAIN USE. 

bSllHAIbU SOIL PHOtibNIfES-
DEPTIT 
(IN.) 

Tmrcr 
>3 IN 
(PCT) 

PERCENT OF HATERIAL LESS ' 
THAN 3" PASSING SIEVE .NO. 

LIBUID" 
LIMIT 

PU5-
TICITY 
INDEX 

-onr 
0-14 

14-35 
35-60 
60-99 

USCA TEXTURE 

SL, FSL 
LS, LFS 
SL. SCL, GR-SL 
LS, SL, GR-LS 
SR-S-G 

UNIFIED 

SN. SK-5C, H I , CL-HL 
SM, SP-SM 
SC. SM-SC 
SM, SP-SM 
SP-SM, OP, SP, GP-GM 

AASHTO 
4 ' I ' IU r 

w-iDo'as-w 'a-!>5 
10-40 
15-50 
10-35 
0-10 

20-30 
.NP 
4-10 

NP 
NP 

A -2 , A-4 
A-2 A - 1 , 
A -2 , A -4 , 
A -2 , A-1 
A - 1 , A-2 , 

A-4 
A-1 

A-3 

0 
0 
0 

0-5 

95-100 85-95 
80-100 55-95 
80-95 55-95 
40-90 35-85 

40-80 
35-85 
35-70 
20-60 

DEPTIT 
( I N . ) 

C O T " 
(PCT) 

HOIST BULK 
DENSITY 
(G/CM3) 

rib-iTJg-
1.35-1.60 
1.30-1.60 
1.30-1,60 
1.30-1.50 

SALIHin 
(MMHOS/CM) 

SRRIHK-
SWELL 

POTENTIAL 

EROSIOH 
FACTORS 
It I T 

yrmr 
EROO. 
GROUP 

ORGANIC 
MATTER 

(PCT) 

CORROSIVITT 

TCTICRETE 

0-14 
14-35 
35-60 
60-99 

-!rrz 
2-10 

10-18 
5-15 
0-15 

PERIIEA-
SILITY 
(IN/HR) 
i . J - 4 . 0 
6,0-20 
2 .0 -6 .0 
2 ,0 -6 ,0 

>20 

AVAlUBLt 
UATER aPACITY 

( IN / IN 

SOIL 
REACTION 

PH) •STEET 
T D B - ITTOir a.'1D-l], l5 

0.10-0.12 
0.12-0.19 
0.D6-O.1O 
0,02-0,04 

5 .1-6 .5 
5 .1-6 .5 
5 .1 -7 .3 
7 .4 -8 .4 

-COO-
LOU 
LOU 
LOW 
LOU 

.5-3 

I-LUDDIH6 HIGH UAlER TABLE TEHEIT TEO PAH 

Toaaness 
g E O R O e t ' SUBSIDENCE' HTB" 

GRP 
POIENT'L 
FROST 
ACTION .'-JJEDUENCT ' 

10NE 
• UUHAIION W H T R T 

UbCIH •mar wmtr TJEPTff 
( I N ) 

DbfTH IHAHUNbSS 
( IN) I 

TTTTT 
( I N ) ( I N ) 

rOTTC 

'3 IHODERATE >o.i. > « j 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEUAGE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
U-BX: SLIGHT 
3-1SX: MODERATE-SLOPE 
15-X: SEVERE-SLOPE 

7-X; SEVERE-SEEPAGE,SLOPE 

U-I5X: SEVERE-SEEPAGE 
1S-X: SEVERE-SEEPAGE,SLOPE 

15-X: SEVERE-SEEPAGE.SLOPE 

15-X: POOR-SEEPAGE,SLOPE 

BUILDING SITE DEVELOPMENT 

SHALLOU 
EXUVAT IONS 

DWELLINGS 
WITHOUT 
BASEMENTS 

DWELLINGS 
WITH 

BASEMENTS 

SMALL 
CCMMERCIAL 
BUILDINGS 

LOCAL 
ROAOS AND 
STREETS 

LAWNS, 
LANOSCAPtNG 
ANO M LF 
FAIRWAYS 

L)-i5X: SEVERE-CUTBANKS CAVE 
1S-X: SEVERE-CUTBANKS CAVE,SLOPE 

u-a*: suGMi 
3-15X: MOOERATE-SLOPE 
15-X: SEVERE-SLOPE 

U-O*: SLIGHT 
3-15X: MODERATE-SLOPE 
15-X: SEVERE-SLOPC 

J-".*: SLIGHT - -' - - - -
4-8X: .MCOEHATE-SLOPC 
3-X: SEVERE-SLOPE 

u-o»: sLiUNr 
3-15X: MODERATE-SLOPE 
15-X: SEVERE-SLOPE 

3-15X: MODERATE-SLOPE 
;5-X: SEVERE-SLOPE 

<E-J,JNAL ..Nl t.-O'Kt ; AI :-.,Nb 

ROADFILL 

SANO 

GRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 

15-25X: FAIR-SLOPE 
2S-0X: POOR-SLOPE 

PKOUAULb 

KKCHAIiLI: 

U-liX: POOR-SHALL STONES 
15-X: POOR-SMALL STONES,SLOPE 

UATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
OIKES ANO 

LEVEES 

EXCAVATED 
, PONOS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
AND 

DIVERSIONS 

GRASSED 
UATERUAYS 

U-dXI SEVEKfc-SttPACE 
S-X: SEVERE-SEEPAGE.SLOPC 

SEVERE-SEEPAGE.PIPING 

DEEP 10 UAIER 

0"-it SL.FSL: SOIL SLOUING 
3-X S L J S L : SLOPE,SOIL BLOUING 
0-3X L§,LFS: FAST INTAKE,SOIL BLOUING 
3-X LS.LFS: SLOPE.FAST INTAKE.SOIL BLOUING 

8-X: SLOPC.TOO SANOY,SOIL BLOWING 

(J-DX; l-AVCIUBLb | 
3-X: SLOPE 

1 
1 



MI0388 S O I L I N T E R P R E T A T I O N S R E C O R O 

MLRA(S): 101, 108, 110, 115, 127. 140, 142, 14AA, 145 PALMS SERIES 
REV. LWB, 2-i9 MAAT>50 
TERRIC NEDISAPRISTS, LOAMY, MIXED, EUIC, MESIC 

THE PALMS SERIES CONSISTS OF VERY POORLY ORAINEO SOILS FORMED IN DEPOSITS OF ORGANIC MATERIAL. 16 TO 50 INCHESJHIOC, 
OVER LOAMY MINERAL DEPOSITS IN DEPRESSIONAL AREAS WITHIN U K E PUINS, TILL PUINS ANO MORAINES, THESURFACE SOIL IS 
BLACK MUCK 35 INCHES THICK, THE SUBSTRATUM IS GRAY MOTTLED C U Y LOAM, SLOPES RANGE FROM 0 TO 6 PERCENT. DRAINED AREAS 
ARE USED FOR CROPUNO AND UNORAINED AREAS ARE USED MAINLY AS UETUNO WILDLIFE HABITAT, 

ESTIHATbD SOIL PHUPbHIlESTn 
PERCENT OF HAIbRlAL Ibiiii 
THAN 3" PASSING SIEVE NO. 

LIQUID' 
LIMIT 

var-
TICITY 
INDEX 

OEPTIT 
( I N . ) USOA TEXTURE UNIFIED AASHTO 

Tcrcr 
>3 IN 
(PCT) -trr -co- -200-

-OTT? 
35-60 

SP, HUCIC 
CL, SICL, FSL 

PT 
CL-ML, tt A-4 , A-6 85-100 80-100 70-95 50-90 25-40 5-20 

BEPTTT 
( I N . ) 

DRGAUIC 
MATTER 

(PCT) 

eOEROSlVIIT OCTT-
(PCT) 

35-60 

MUIST aULK 
DENSITY 
(G/CM3 

U;25-iJ.45-
1.45-1.73 

•PERHEA-
BIHTY 

• ^ ! ^ & 

0.2-2.0 

AVAILABLE— 
UATER CAPACITY 

(IN/IN 

SOIL-
REACTION 

PHI 

' SALIHITT' 
(MMHOS/CM) 

SHRINK-
SUELL 

POTENTIAL 

EROSIOH 
FACTORS 

ynar 
EROO. 
GROUP SIbbL ICHNCRETE 

'HIGH-'TIDDERXTE 
7-35 0.14-0.22 6 .1 -8 .4 LOW .37 

> n 

FLOODING HIGH UATER n B C r rem TE8 PAN 
HAHDNb!>S 

BEDROCK ' SUBSIDENCE unj-
GRP 

P O T t H I ' L 
FROST 
ACTION l-REOUENCT 

^CNE-;ARE 
DUHATIOW MONTHS 

TJEPTir 

SSI 
-mar 

1-1 .U lAPPAREi r r NOV-HAT 

HOHIHS OEPTTT 
( I N ) 

DEPTH 
( I N ) 

I HAKDHbSS I N I I . I I U I A L 
( I N 
5 i ym 7 T 7 7 RTCR-

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAIX 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
' SeVERE-SUBSIDES,PONDING,PERCS SLOULT 

• 

PUDH-PDNDING,EXCESS HUMUS 

BUILDING s'lTE DEVELOPMENT 

SHALLOU 
EXCAVATIONS 

DUELLINGS 
WITHOUT 
BASEMENTS 

DUELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROAOS ANO 
STREETS 

SbVbHE-eXCbliS MUMU5, POND 1 NG 

NUNb: ibVEHE-SUBSIDE5,roH01HC 
RARE: SEVERE-SUBSIDES,FLOODING,PONDING 

RARE: SEVERE-SUBSIDES^FLOOOING,PONDING 

MONE: SEVERE-SUBSIDES,POND I NO 
RARE: SEVERE-SUBSIDES,FLOODING,PONDING 

LAUNS, :>kUk:<b-rJUNUlNU,EXCESS HUMUS 
LANDSCAPING 

ANO GOLF 
FAIRWAYS 

•ih-^rJNAL .MrtSP-^ErATIONS 

ROAOFILL 

SANO 

GRAVEL 

TOPSOTL 

CONSTRUCTION MATERIAL 
POOR-WETNESS 

WATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES ANO 

LEVEES 

EXCAVATED 
PONOS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
ANO 

DIVERSIONS 

GRASSED 
WATERUAYS 

SbVbRb-SbhPAU: 

'SEVERE-EXCESS WUHUS,POND 1NG 

SbVERb-SLOU REFILL 

3-X: SLOPE,PONDING,SOIL BLOUING 

PONDING,SOIL BLOUING 
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i.V. J C D . 6 - a 7 
r P I C HAPLAQUCLLS. F I l :C-S I LT Y . K I ' ^ I L f V.E3K 

^ t l L L l S L - . lES 

•IE P t L L - S E M E S C D U S I S T : OF : C E P . PCIKLY D F i l N E C SOILS FifiMEL^ 11. L C t ' Y >^ATCKIAL i f iZ STRATIF ICC 'JLTW- iH 'JN UPLAr j : . ' , . Tr-r 
^CRFAC!: LAYER IS i L A C r CLAY L ^ A - ^ I J I , ;CHtS T r l l C K . THE SUSTOIL IS VE«Y DASt' G P ; Y ItJC OLIVE GRAY rClTTLC: S ILTY CLAY L O t - ' 
; \ JPPER I S INCHES ANC SHAY -lOTTLED S ILT LOAf A;,r LOAf' IU LO.Ef^ 7 I ' ^ C r E S . THE SUeTTRATUK IS C-n A Y AI.C t L l V E GRAY .CTTLE^: 
: T R A T I F I E D SAr.iJY L 0 A » , S I L T L ^ A ^ i ^ D CLAY LOA.-.. SLOPLS RA-;C-E FRO" •; T" 1 PERCENT. CROPLAND IS THE « t l f USE. 

D E P T 

( I N . USDA TEXTUr.E U r i l F I E D i AASHTO 

0 - 1 
0 - 1 

1 3 - 3 
j l - 3 

:EPT 
( I N 

3 ; S I C L 
i ; C L 
3 ! S I L 
1 : s i C L . S I C . 
a ! S f i - S I C L - S L 

CL 

H iCLAY i l O I S T 
) i ( F : T ) ! DENS 

o-i::27-35:i 
C-l.' ;27-35 !1 
t,-ij :ii!-27 :i 

I J - 3 1 t Z 7 - 1 5 1 1 
;l-3fl !l5-30: I 

BULK 
ITY 

'ii 

."SiiU^'iCT. 

1 • : ' - ! . 3 •• 

20-1.iC 
15-1.3S 
2C-1.16 
35-1.bC 

TUOOOTNG 

PtR' 
2ILI 

!CL 
SCL 
!:L 
iCL 
:CL 

EA-
TY 
HR) , 

^ki.tL; 

!A-7 
; A-7 

;A-b. A-7 
!i-St A-7 
!A-6. A-7 

SFRACTiPERCENT OF t ^ A T E S U L LESS : L I 3 U I i 
: > 3 I N I THAT, 3 - PASSING SIEVE N ^ . ! L 1 1 IT 
i f C T ) ; » ! 10 I - ; 

1 - 4 

AVAILAfcLE i S > I L 
WATER CAPACITY• ,SEACTIO^ 

l .tZt. 

I C 
0 

- - 5 

lUiJ 
I 1 0 0 
: IOC 
S ICC 

? b - l ' ; 0 
= • 5 - 1 0 : 
9 3 - 1 0 0 9 0 - 1 ; 

8 5-^-5 
E 5 - F 5 
8 5 - 9 5 

= 5 - 1 0 0 9 C - I F 0 6 5 - = 5 

- . 6 - ^ . 0 ! - . 2 1 - J . 2 Z ! 6 . i - 7 . ( > 
• 3 . 6 - 2 . 0 : G . 1 8 - 0 . 2 0 : b . l - T . 6 
0 . 6 - 2 . 0 , 1 0 . 2 2 - C . 2 * ; 6 . 1 - 7 . f c 
0 . 6 - 2 . 0 ; 0 . 2 1 - 0 . 2 ' • . 6 . i - T , 6 
C . b - 2 . 0 » e . 1 5 - 0 . 2 : 1 7 . i - b . « 

Ji.ss.zi±i—i—HiXyitii . . f Z - * r & j 

S A L I ' l T Y : S H f t l N K -
(»1?«.H0E/C*-) : SWELL 

iiilUXiii. 

5-u: 9->ic.c 8 5 - 9 5 •90 

:»'CL'EPA TE 
IKCnCRATE 
JNCCERATE 

if.ozcfti re 
f C D E R A T E 

£ R O S i o ; n w r . o J O R & A . ' I I C 
^ i l l i S i ' ^ ' ^ C D . SHATTER 

i_Liiiaii£i_jL£;ii 

• 0 - ^C 

3 0 - 1 5 
3 ' J - ; C 
2 5 - » 5 
2 3 - I g 

It-LA 
ITIC 

•.lii2. 
1 5 -
1 5 -

I U -
1 1 5 -

ITY5 

2 : 
I t 

1 1 ^ - ^ ; 

• J S I 5 ! 7 i 
, z f . s z : t ; 

. J f : 

. 2 b I 

, J I I , 

coRROsr. :TY 

- - I 6 r 
JLi l l i ; 

kin UZL a w s j -
HIGH LATE» TAf-LE I CE'^EMED PAj: S F.EOROCK T - O ^ S T 

; -JIPJH i f . l f . L S . l j f . 'TH i 8 0 : F T K 8 H A f i O \ E I I ! C E P T h ! MARS\£S S i I . . ; 7 . ; 
U S U " T 1 5 N S X Q ' T H S ' I ( F T ( S I LUUi_i L_iV.il i L i l U a:^ 

TO TJL.'GS 

iiLi_i 

S P C T E : . : ' L 

• ! F-CST 

. i i : ^ . •.lzij.LU^tiiL'lli'>iLi^!^li : L _ L . > L : « _ X . -ziiJl. 

SEPTIC TAN.K 
ABSORPTION 

F IELDS 

SEWAGE 
LAGOOIi 
AREAS 

SANITARY 
L A N D F I L L 
(TRENCH) 

SA .MTArY 
L A N D F I L L 

(AREA) 

DA ILY 
COVER FOR 

L A N D F I L L 

S ; M T A S Y F A C I L I T I E S 
SEVERE-PODDING S 

SEVERE-PONDING ; 

S L v E h E - P O : . - I I . i ; 

S L V E R E - P O ' - J D I N G ! 

PflOR-PONCH.G S 

= UI1 OING S I T E DEVELOP-FMT ! 

SHALLOi, 
L X C A V A T I O N S 

. O k C L L l i w S 
bilTHOUT 

; BASEMENTS 

DWELLINGS 
y I T H 

. 3ASEf£;«TS 

SKALL 
1 COHHERCIAL 
: BU ILD INGS 

LOCAL 
: ROADS AND 

STREETS 

LAW\Sr 
:LANDSCAPING 

AND GOLF 
: FAl i tWAYS 

S E V E R E - P 0 i i 3 i u a ; 

SLVERE-POMDK:G : 

SEVERE-PO.' iCING 
1 
! 
i 

L _ 1 
SEVERE-PONCING i 

: 
1 

• . _ _ . !. 
S E V E R E - L O N S T R E N G T H , P C N O I N G . F R U S T ACTION S 

S 

; 
; SEV£RE-F-(JV01;«C 

: ; 

: ROACFILL 

s 
s 

: SAr.L 
s 
! 
: 
s 
S CrAVEL 

S T(?PSPIL 

S PC'!S 
8 RESEhVCIR 
: AREA 

SEHBAf .RTr .TS 
: OIKES IKO 
i LEVELS 

: EXCAVATED 
3 PCl .C i 
SAt tJ IFER FED 

1 DRAINAGE 
8 
S 

: I R R I G A T I O N 
1 

1 
: TCFRACES 
; At.D 
: OIVERSICNS 

S GRASSED 
: WATEFWAYS 

CO.-, STRUCT 10 ' . .T4TE= 7 AL 
POOR-.ET.-JESS 

IHPROb^SLE-CXCESS Fir. 'ES 

I i " : R C t : e b L E - E X C ; s S r w c 

PCOR-'.ETNESS 

WATER H A H A f ^ V [ > T 
nOL'ERATE-SECPAGE 

SLVERE-PIF ING.FCI .L INC 

NODEr iTE-SLOW S E F I L L 

PONDING,FROST JCTICfJ 

PONOI.VC-

PCNDIHG 

• 

. , 
• WETNESS 

.i£tiaiiii._ii;iiiPiti4iia^i. 



MI 0 0 4 2 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 98, 99, 111, 97 REUAMO SERIES 
REV. PGC.LU8, 9-87 
TYPIC ARGIAOUOLLS, FINE, MIXED, MESIC 

THE PEUAMO SERIES CONSISTS OF POORLY DRAINED ANO VERY POORLY DRAINED SOILS FORMED IN CLAYEY GUCIAL TILL OR LACUSTRINE 
SEDIMENTS ON TILL PLAINS, LAKE PLAINS ANO MORAINES. THE SURFACE LAYER IS VERY DARK BROUN CLAY LOAM 13 INCHES THICK. THE 
SUBSOIL IS DARIC GRAY ANO GRAY MOTTLED SILTY CLAT 24 INCHES THICK. THE SUBSTRATUM IS GRAYISH BROUN MOTTLED SILTY C UY 
LOAM. SLOPES ARE 0 TO 2 PERCENT. MOST AREAS ARE USED FOR CROPUNO. 

CEPDT 
( I N . ) 

T S H M T l O O T r T R W l R T T l S -
PERCENI Of .MATERIAL Lb!>!; 
THAN 3" PASSING SIEVE NO. 

I ^ — ^ ^ , ^ - I ~ ] II I Jl I 

LiUUlD 
LIMIT 

?U5-
TICITY 
INDEX 

-OTTT 
0-13 
0-13 
13-37 
37-60 

USOA TEXTURE 

CL, HC-CL 
S i a , HK-SICL 
SIC, c 
CL, C, SIC 
CL, sfCL 

UNIFIED AASHTO 
rwxcT 
> 3 IN 
(pen 

"TOO 
•ar 

70-w •Toir 
W-10D';!>-1UU n j - V i (bU-BU 
90-100 75-100 75-100 70-90 
90-100 75-100 75-100 2 - 9 5 
95-100 75-100 75-100 75-95 
95-100 75-100 75-100 70-90 

3b-SO 
35-50 
50-55 
40-55 
40-50 

• T 5 ^ 7 r 
15-25 
25-30 
20-35 
15-25 

CL 
CL 
CH 
CL, CH 
CL 

A-4 , A- / 
A-4 , A-7 
A-7 
A-7 
A-7 

0-5 
0-5 
0-5 
0-5 

ITEimT 
(IN.) oar-

<PCT) 

HOIST SULK 
DENSITY 
(G/CM3) 

PERHEA-
BILITY 
(IN/HR) 

O T W 
EROO. 
GROUP 

ORGANIC 
MATTER 

(PCT) 

'CORROSIVITT 

SIbbL imNOETt 
^TTTT 
0-13 
•3-13 

13-37 
37-40 

27-40 
40-45 
35-50 
30-40 

1.35-1.55 
1.35-1.55 
1.35-1.35 
1.40-1.70 
1.50-1.70 

AVAIUBLE 
UATER CAPACITY 

(IN/IN 

SOIL 
REACTION 

PVli 

SALIHITT 
(MMNOS/Ot) 

SHRINIt-' 
SUELL 

POTENTIAL 
MODERATE 
MODERATE 
MODERATE 
MODERATE 
MODERATE 

EROSION 
FACTORS 

*7^Tr 
3-12 
3-5 

HltiH zcr J . a - i . U 
0.6-2.0 
0 .2-0 .6 
0 .2-0 .4 
0 .2-0 .6 

J . l i - U . I V 
0.20-0.23 
0.12-0.20 
0.12-0.20 
0.14-0.18 

6.1-ri 
6.1-7.3 
6 .1-7 .3 
5.4-7.3 
7 .4-8.4 

SEPRDCX SDHTBEHCT" HYDIPOTEHT'Ll 
GRP FROST 

ACTION I 

FLOODING 

.10HE 
UUHAIION IHUNIH5 

DEPIH 

4 ^ 

HIGH UATbRTTOCT 
Tnnr 

APPARENT 

HONIHS 

PEC-HAT 

TEHEff DEimr 
( I N ) 

n i PAN" 
HAKDHbSS UbHIH 

( IN) 
>au 

HAHDNbSS TTirr 
( IN) 

•nrnir 
KIN) c m MZA 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEUAGE 
LAGOON 
AREAS 

SANITARY 
-ANDFILL 
(-RENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
SEVERE-PONDING,PERCS SLOULT 

SbVbKt-PONOlNQ 

BUILDING SITE DEVELOPMENT 

SHALLOW 
EXCAVATIONS 

DWELLINGS 
WITHOUT 
BASEMENTS 

DWELLINGS 
WITH 

3ASE.MEHTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROAOS ANO 
STREETS 

.AUH5 
LANOSCAPtNG 

AND SOLF 
:AI3WAYS 

SbVbHb-PONDING 

;>6VtXI:-»'UNUiN(. 

SbVbKfc-r'UNOlNIi 

"abVERE-LUU STRENGTH,riUHOINC, FROST ACTiOH 

JL,.«K-CL,3;(;L..MK-<>11;L: iEVtRt-aUHOlHG 1 
SIC,C; SEVERE-PONDING, TOO :UYEY 

ROAOFILL 

SANO 

CRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
POOR-LOU SIRENGIH,UEINESS 

IHPROBAULb-bXCESS KHES 

POOR-TOO CLAVET,SHALL STONES,'.ETHbSS 

WATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES ANO 

LEVEES 

EXCAVATED 
PONOS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
AND 

DIVERSIONS 

GRASSED 
•WATERWAYS 

SLIGHT 

SEVERE-PONDING 

StVtXt-SLUW i<t)-lLL 

• ;L.,MK-CL,S:CL,.'^I{-5ICL: PCNOINC 
SIC,C: PONDING,SLOW INTAKE 

tKUUbi' tASILY.PONOIWG 

•ib'lJICNAL :!̂  I c^^JHb^ A l i e n s " 



IN0015 S O I L I . N T E R P R E T A T I O N S R E C O R D 

'iLRA(S): 97, 98,'99, 111 RIDDLES SERIES 
•REV. LBO, i6-a7 
TYPIC HAPLUOALFS, FINE-LOAMY, MIXED, Ĵ ESIC 

THE .RIDDLES SERIES CONSISTS OF DEEP, WELL DRAINED SOILS FORMED IN GLACIAL TILL OH TILL PLAINS ANO MORAINES. THE SURFACE 
LAYER !S DARK BROWN FINE SANDY LOAM 3 INCHES THICK. THE SUBSOIL IS DARK YELLOUISH BROUN FINE SANOY LOAM IN UPPER 12 
INCHES, BROUN SANOY C U Y LOAM IN NEXT 12 INCHES ANO DARK YELLOUISH BROUN ANO YELLOUISH BROUN LOAM IN LOWER 16 INCHES. 
THE SUBSTRATUM IS BROUN LOAM. SLOPES RANGE FROM 0 TO 35 PERCENT. CROPUNO IS THE DOMINANT USE. 

bSMHAIbU SOIL UHUHbHTTEy 
otrmr 
(IN.) 

TRXCT 
>3 IN 

PERCENT Oh HATERIAL LESS 
THAN 3" PASS NG SIEVE NO 

LIOUID 
LIMIT 

PUS-
TICITY 
INDEX -irs-

0-3 
3-43 

43-48 
48-60 

USOA TEXTURE UNIFIED AASHTO 

90-100 75-95 
90-100 
90-100 
85-95 

0 ) Hi " r 7 D D ~ 
40-95 'bU-85 Np-a 

NP-7 
10-20 
5-15 

NP-7 

rrsn: 
SL, FSL 
SCL, L, FSL 
L. SL 
SL, L 

CL, HL, CL-HL 
SM, SM-SC 
CL, SC 
CL-ML, CL, SM-SC, SC 
SM, SM-SC, CL-ML, ML 

A-6 

0-3 
0-3 
0-3 
0-3 

75-95 
75-95 
75-90 

45-35 
45-90 
45-90 
45-90 

35-50 
45-90 
45-90 
40-90 

<25 
25-40 
25-35 
<20 

•SEPTHICLAY .HOIST aJLKI PEPftEA-
•(!N. )|(PCT)| 3EHSITY BILITY 

(G/CM3) ! (IN/HR) 

• AVAILABLE —SDTT 
WATER CAPACITY REACTION 

(IN/IN) I (PH) 

SALIHITT • 
(MNHOS/CM) 

SHRINK" 
SWELL 

POTENTIAL 

EROSION 
FACTORS 
i [ J 

yrw 
EROO. 
GROUP 

ORGANIC 
MATTER 
(PCT) 

CORROSIVITV 

SIbbL ILllHCÎ b'-•! 
'.-rr-
\ 0-3 
I 3-43 
143-48 
I 43-60 

i 4 i l . 3 5 -
10-

1.45 
1.60 

2 .0-6 .0 
0 .6-2 .0 
0 .6 -2 .0 
0 .6-2 .0 

U.20-D.24 
0.13-0.18 
0.12-0.18 
0.11-0.19 
0.08-0.13 

b .4 -7 . J -
5.6-7.3 
4 .5-7 .3 
6 .6 -7 .3 
7.4-8.4 

U V 
LOU 

MODERATE 
LOU 
LOU 

5-4 
HOPERArglHCDE.iJAf:; 

1 8 - 3 0 1 1 . 4 0 -
15-22 1 . 4 0 - 1 . 6 0 

3-15 1 . 4 5 - 1 . 6 5 
J _ 

. 5 - 2 

'LOOOIHG 
JbPIH 

sm. 
T T W 

TABLE 
I HUN IH!)' 

•SMEHTED PCTT 
ObtJIH|HAHDWbl»S|UbHTH 

iL!u mi 

SEPROCK flJHSlPbUCE IHTOIPOTEfIT' 
HAHDNESSIINM. ICIAL GRP I .-"RCST 

^ I N ) ( I N ) '• A C T : C N 
^ONE 

•JUHAIIUN IH0NIH5' 
>53" >60 'i IMCDb.-J.yTTi J_ 

SANITARY FACIL IT IES 
• J - a X : .HODbHATE-PERCS SLOULT 
3 - 1 5 X : MOOERATE-PERCS SLOULT,SLOPE 
1 5 - X : SEVERE-SLOPE 

CONSTRUCTION MATERIAL 
U-lbX: GOOD 
15-25X: FAIR-SLOPE 
25-X: POOR-SLOPE 

SEPTIC TANK 
ABSORPTION 

FIELDS 

U-J?.: .HOUbHAIfc-SbEPACb 
2-7X: MOOERATE-SEEPAGE,SLOPE 
7-X: SEVERE-SLOPE 

ROAOFILL 

[MPKUBAHLb-bXCbSS MNbS 
SEWAGE 
LAGOON 
AREAS 

SANO 

i - ' iZ: 3L:nni 
3 - ' S X : 'MODERATE-SLOPE 
I S - X ; SEVERE-SLOPE 

; H P R 0 8 A B L E - = X C E S S - INbS 
SANITARY 
..SNOF.'LL 
rRENCH) 

GRAVEL 

j-j^: ;L:SHI 
3 - 1 5 X : '«CERATE-SLOPE 
1 5 - X : SEVERE-SLOPE 

U - i 5 S ; r'UOK-lMALL JTCNtS 
15 -X : POOR-SMALL STONES,SLOPE SANITARY 

LANDFILL 
(AREA) 

J-aS: SAIR-dHALL SlUNbi 
3-15X: FAIR-SMALL STONES,SLOPE 
15-X; .'OCR-SLOPE 

TOPSOIL 

DAILY 
3VER =0R 
LANDFILL 

BUILDING SITE DEVELOPMENT 

•3x: J-3/1; SLIGHT 
3-15X: 1OOERATE-SL0P6 
15-X; SEVERE-SLOPE 

PONO 
RESERVOIR 

AREA 

'WATER MANAGEMENT 
• J - i X : HODERAI'E-Stk.yJtil: 
3 - 3 X : .MODERATE-SEEPAGE,SLOPE 
3 - X : SEVERE-SLOPE 

HODERATE-THIN LATER,PIPING 
SHALLOW 

icXGAVATIONS 
EMBANKMENTS 

DIKES ANO 
LEVEES 

J - d S : "TObRAIb -SHHINK- iU tLL 
3 - 1 5 X : MOOERATE-SHRINK-SUELL,SLOPE 
15-X : SEVERE-SLOPE 

SEVERE-iJO WArbi< 
DWELLINGS 
JITHOUT 

BASEMENTS 

EXCAVATED 
PONOS 

AQUIFER FED 

J-«; .HCDbHATb-SHRI.NIC-!.'UbLL 
3-15X: MOOERATE-SLOPE,SHRINK-SUELL 
.•5-X: SEVERE-SLOPE 

:EEP ro WATER DWELLINGS 
WITH 

3AS£MENrS 
DRAINAGE 

J-i.^: MOUtl<AlfaHKlNK-SWtLL 
4-3S: MOOERATE-SHRINK-SWELL,SLOPE 
3-X; SEVERE-SLOPE 

3-X L J I L : SLOPE 
0-3X SL.FSL: SOIL 3LCW1.NC 
3-X SL,.= SL: SLOPE,SOIL BLOWING 

SMALL 
COMMERCIAL 
BUILDINGS 

' J-JX: ''OUb;<AIE-!JHR[W>;-JUbLL,.L:W ai;<l:NG,'H 
.:CAL 3-'5'.;; MODERATE-SHRINK-SWELL,.•DW STRENGTH, 

5CA0S ANO 5LCPE 
STREETS •':•••'.•. SEVERE-SLOPE 

IRRIGATION 

u'-ar. L . S l L : .-AVUgABL; 
'ERRACES • 3-*-'. '. .SIL: 3LCPE 

4N0 3 -3 ' ; SL..= SL; S C I . SLCW'.sG 
; i vERs ;cNS 3 - ' ; S L . - ' S L : S L : P 5 . 5 C ; L S L ; W : > ( C 

"—TTjrs :— 
. . I N O S C A P ' . H G 

-•••o ; c ' . -
: A ; =uA»3 

3 - " . : 3LCPE 2 - - 5 ; ; ; -'CDERATH-SLCPE 
• 5 - ' ; ; 3EVERE-3LCPE 

SRASSED 
.ATi.RWATS 

-rrcr 



MI 0039 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 95A. 95B , 9 7 , 9 8 , 110 , 111 SEBEUA SERIES 
REV. LWB, 9-87 
TYPIC ARGIAQUOLLS, FINE-LOAMY OVER SANOY OR SANOY- SKELETAL, MIXED, MESIC 

THE SEBEWA SERIES CONSISTS OF POORLY ANO VERY POORLY DRAINED SOILS FORMED IN LOAMY ANO SANOY GLACIOFLUVIAL DEPOSITS DN 
OUTWASH .=LA1NS, VALLEY TRAINS AND TERRACES. THE SURFACE SOIL IS VERY DARK GRAY ANO DARK GRAY LOAM 14 INCHES THICK. THE 
SUBSOIL IS GRAY .MOTTLED SANOY CLAY LOAM, CLAY LOAM AMO GRAVELLY C U Y LOAM 22 INCHES THICK. THE SUBSTRATUM IS GRAY 
GRAVELLY SAND. SLOPES ARE Q TO 3 PERCENT. MOST AREAS ARE USED FOR CROPUNO. 

kSMHAIbU SOIL .iHUPbHITir 
3E7TTT 
( I N . ) 

PERCENT OF .HATERIAL LkS!> 
THAN 3" PASSING SIEVE .NO. 

LIQUID 
LIMIT 

PLAS-
TICITY 
INDEX 

USOA TEXTURE 

0-14 
0-14 

14-36 
36-60 

L, HK-L 
SL 
SIL 
SCL. L. GR-CL 
GR-S, 4 R V - S , S 

UNIFIED AASHTO 
m c r 
>3 IN 
(PCT) "ZOO" 

V5-1UUVV-IUU bb-iib' iU - /b 
95-100 75-100 45-70 25-45 
95-100 75-100 70-90 50-90 
95-100 60-90 50-90 25-75 
40-75 25-75 20-55 0-10 

2U-3i 
<30 

20-35 
25-45 

NP-10 
5-15 

10-25 
HP 

SM, 
CL, 
SC, 
SP, 

r r n ^ c 
SC, SM-SC 
CL-ML 
CL 
S P - S N , GP, GP-GM 

Trr7 
A - 2 , 
A - 6 , 
A - 6 , 
A - 1 , 

A -4 
A -4 
A - 7 , 
A - 3 , 

A - 2 
A-2 

ll 
0 
0 
0 

0-5 

•JEPTIflCLAT 
( : N . ) | ( P C T ) 

HOIST BULK 
•DENSITY 
(G/CM3) 

UbRHEA-
B IL ITY 
( I N / H R ) 

AVAILABLE 
WATER CAPACITY 

( I N / I N ) 

SALINITY 
(MMHOS/CM) 

HRIHK-
SWELL 

POTENTIAL 

EROSION 
FACTORS 

< I T 
EROO. 
GROUP 

ORGANIC 
MATTER 

(PCT) 

CORROSIVITT 

Ji lbbL IL 'JNT^rr 
• ' J - l L l l U - ' i b i 

3-141 5-20 
; 0 - 1 4 ( 1 2 - 2 5 
. • 4 - 3 6 18-35 
! 3 6 - 6 0 l 0 -3 I 

U - l . i O 
5 - 1 . 6 0 

1 5 - 1 . 6 0 
5 0 - 1 . 3 0 
5 5 - 1 . 7 5 

U.•)-<!.•: 
0 . 6 - 2 . 0 
0 . 6 - 2 . 0 
0 . 6 - 2 . 0 

>6.0 

j ; i 8 - i J . 2 b 
0.12-0.15 
0.22-0.24 
0.15-0.19 
0.02-0.04 

SOIL 
REACTION 

jPH) 

LOU 
. LOU 

MODERATE 
LOU 

2 - 3 
2 - 3 

TTGTr 
1., 

6 .1- / ' .3 
6 .1 -7 .3 
6 .1-7 .3 
6 .1-7 .3 
7.4-3.4 

FLOODING 

.20 

.23 

.32 

.10 

.;w 

HIGH UAIER lABLb i :EHEHI£P ."AH I ' SEPROCK ISUBSlDEMLb IrJTBIPOTEm'L 
UbtJIH I—mro—IHONIHS DbPIHIHAMUNbSSJUEPIH IHARDNbSSI INI I . | iUIAL GRPI FROST 
(FT) I l ( IN ) I ( IN) I I ( IN) l ( IN ) I ! A C ; C_N r ^ K D E H r r 

• i c u i — 
O U H A n O N IHONIH i i 

- 1 - I . U l A P P A R E N T SbH-HATT >41J I i j / O l •ti'^T' -L. 
SANITARY FACILITIES 

SEVERE-POND I NG,/<OOR F I L T E R 
CONSTRUCTION MATERIAL 

POOR-WETNESS 
SEPTIC TANK 
ABSORPTION 

FIELDS 

SEVERE-SEbHAGb,PONDING 

ROAOFILL 

UHUUABLb 
SEWAGE 
LAGOON 
AREAS 

SANO 

' : . k V b K b - S b b P A G b , P O N D I N G , rOD SANOT -JHUUAULb 
SANITARY 
-ANOFILL 
(-RENCH) 

GRAVEL 

JbVE«b-5EbPAG£,PONDING -"OOP-SHALL S10NbS,AHbA 5En.AlH,,b:UkSS 
SANITARY 
-ANOFILL 
•AREA) 

-OPSOIL 

r^UUH-abbPALb.iUO SANDT.aWALL SlUNbS 
DAILY 

•:CVER =0R 
•-ANOFILL 

3U1LDING SITE DEVELOPMENT 
SEVERE-JJI BANKS CAVE,PONDING 

POND 
RESERVOIR 

AREA 

t^bUbRE-SEEPAGE 
WATER MANAGEMENT 

JEVbPE-SEEPAGE,PONDING 
SHALLOW 

EXCAVATIONS 

SCVtHb-VUNUlNd 

EMBANKMENTS 
D I K E S AND 

LEVEES 

' i b V b ' R b - C U I U A N K S ^AVb 
DWELLINGS 
WITHOUT 

BASEMENTS 

rTFRTToroTTur 

EXCAVATED 
PONOS 

AQUIFER FED 

-JUNUING,.-SUS! iC!'CN.rJiaANKS "AVE 
DWELLINGS 

.il-H 
3ASEMENTS 

DRAINAGE 

SCAL. 
;C.MMERC:AL 
SU; .D;WGS 

LOCAL 
ROAOS AND 

STREETS 

L ^ U « S , 
LANOSCAPlNG 

AND :CL.= 
^AIRWAYS 

itVEPE-PONDING 

ibybi^b-JUHOING, 

SEVtRE-'CHDTlVG-

^ . z - ^ , - : S i L .HT 

.-«ST ACTION 

" P 7 E ^ j r ; : i . s 

• j 

j 
i i 

• i 

I .RRIGATION 

TERRACES 
AND 

DIVERSIONS 

GRASSED 
-ATERWAYS 

S L : . =ONOING, SOIL BL^OWING, ROOT ; NG DEPTH 

L . ' - ' K - L . S r L : 'CM[3:.<JG."CC sANUf 
S L ; PONDING,TOO SANDY.SOIL BLOWING 

.'tl')ESS,.^OaiING Jkr iN 



MI 0240 S O I L I N T E R P R E T A T I O N S R E C O R O 

.MLRA(S): 110, 95B, 98 SEBEWA SERIES 
REV. FLA,LWB, 12-37 CLAY SUBSTRATUM 
TYPIC ARGIAQUOLLS, FINE-LOAMY OVER SANOY OR SANOY-SKELETAL, MIXED, MESIC 

THE SEBEWA SERIES, CLAY SUBSTRATUM, CONSISTS OF POORLY DRAINED SOILS FORMED IN LOAMY OVER SANOY ANO CUYEY SEDIMENTS !N 
OLD .AKE BASINS. THE SURFACE LAYER IS VERY DARK BROWN SILT LOAM 10 INCHES THICK. THE SUBSOIL IS DARK GRAYISH BROUN 
MOTTLED FINE SANOY LOAM IN UPPER 4 INCHES, BROWNISH GRAY MOTTLED LOAM IN .NEXT 5 INCHES, AND LIGHT BROWNISH GRAY MOTTLED 
SANDY CLAY LOAM iN LOUER 3 INCHES. THE SUBSTRATUM IS 20 INCHES OF GRAYISH BROWN SANO AND GRAVEL OVER LIGHT GRAY ANO 
PINKISH GRAY CLAY AHO SILT. SLOPES ARE 0 TO 2 PERCENT. AREAS ARE USED FOR PASTUREUNO ANO CROPLAND. 

kbllHAIbP SOIL ."gUPbHMbi. 
DIPTfT 
( I N . ) 

PERCENT (Jf .î ATERIAL LCSS" 
THAN 3 " PASSING SIEVE NO. 

LinUIP PLAS- ! 
LIMIT T IC ITYI 

INDEX 

Q-10 
10-27 
27-42 
42-60 

ySOA TEXTURE 

rrrrr— 
SL, FSL 
L, GR-CL, 
SG 
SR-SI -C 

UNIFIED AASHTO 
TOtcr 
>3 IN 
(PCT) • n r •700" 

gO-IDD'/^-IUU'/U--^!? 'bJ-WU' 
90-100 75-100 45-35 20-55 
95-100 40-90 50-90 25-85 
40-75 35-70 20-40 0-10 

100 100 95-100 85-100 

2U-3S 
<30 

25-4S 

50-45 

SICL 

CL-HL. CL 
SM, ML, SC, CL 
CL, SC 
SP, SP-SM, GP, GP-GM 
CH, MH 

A - i , A - 6 
A - 2 , A - 4 , 
A - 6 , A - 7 , 
A - 1 
A - 7 

A-1 
A-2 

TT 
0 
0 

0-5 
0 

-.- ".2 
NP-10 
10-25 

NP 
20-35 

( : N . ) 
CLAV ;HOI ST SULK 
(PCT) DENSITY 

; G / C M 3 ) 

PERHEA-
BILITY 
( I N / H R ) 

rmb" EROSIONIUINO mRUANIC 
FACTORS EROO.iMATTER 

< I : G R O U P I (PCT) I 

rORROSlVlIT 

0-10 
10-27 
2 7 - 4 2 
4 2 - 6 0 

lU-^S'l.^b-l.iiU 
3-20 1.15-1.60 
18-35 1.50-1.70 
0-5 il.55-1.70 

35-6011.35-1.70 

J.a-i.'J 
2.0-6.0 
0.6-2.0 
6.0-20 
<:0.04 

AVAILABLE 
WATER CAPACITY 

(IN/IN) 

0.12-0.14 
0.15-0.19 
0.03-0.05 
0.10-0.14 

SOIL 
REACTION 

(PH) 

SALIHITT 
(MMHOS/CM) 

'THITT 
SWELL 

POTENTIAL 

LOW 
MODERATE 

LOW 
MODERATE 

1-4 
-11 Sri 

-LÎ OOING 

6 . 6 - / . 3 
6 . 6 - 7 . 3 
6 . 6 - 7 . 3 
7 . 9 - 8 . 4 
7 . 9 - 8 . 4 

3 I 

.-IIGH •JMER TABLE I CEHEHTI-P PtH I ' SESROCK ISUBSIUbRC, 
TTRO HONIHS UbPTH I HARDNESS UbPIH l(4AHUNb5S IHl I . i IUIAL 

(IN) I I (IN) I ;(:N) (IN) 

HYDIPOTE^II' 
GRPI FROST 

ACTICN 

I 

• 'JbPUE.IC? 
'JOHE 

JUHAIICN jHUNI.^ii 
UbPIH 

sm l-I.UUPPARbNTlSbP-HAy >eo 3/ui -irrr 
SANITARY FACILITIES 

SbVERE-PONDlMG.̂ bHCS SLOULT,POOR MLTER 
CONSTRUCTION .MATERIAL 

500R-LOU STRENGTH,'JETME5S 
SEPTIC TANK 
ABSORPTION 

FIELDS 

'JbVbHb-SbEPAGE,r'qNDIHG-

ROAOFILL 

IHPROBABLb-bXCESS rINbli' 
SEWAGE 
LAGOON 
AREAS 

SANO 

:)bVkSb-JONUlHU,IUO -LATbT IMPROBABLE-fcXLbSS -INbS. 
SANITARY 
.ANOFILL 
(TRENCH) 

GRAVEL 

JcVb'RE-SEEPAGE,PONDING-
SANITARY 
LANDFILL 
(AREA) 

300R-SHALL STONbS,NblMbSS 

TOPSOIL 

riUUH-IUO i;LATbT,HAHD TU |JAa,PUNDING 
DAILY 

DOVER ^OR 
•-ANDFILL 

3UILDING SITE DEVELOPMENT 
SEVERE-CUTBANKS ^AVb,BONDING 

'ONO 
RESERVOIR 

AREA 

':;kVbl!b-SbEPAUE 
WATER MANAGEMENT 

ScVt.Rfc--'UNDlN(i 
SHALLOW 

£:<CAVATIONS 

iVERE-JDNDlHG 

EMBANKMENTS 
OIKES ANO 

LiVEES 

SEVERE-SLOW . ^ E K L L 
DUELLINGS I 
JITHOUT ! 

BASEMENTS i 

EXCAVATED 
PONOS 

AQUIFER FED 

:>bVbHE->30NDlNG -iUNUI,gG,.-;Uiil AL.'.LIN 
DWELLINGS 

.;IT:H 
3ASE.MENTS 

DRAINAGE 

SMALL 
::.MMERC:AL 
3UiLDINGS 

LOCAL 
ROAOS AND 
STREETS 

-.ANDSCAPIMG 
AND :CL.= 
--A;3'.ATS 

icVtHb-"'UNDlNli 

3C'Vtf<b--LNU INlj 

. 1 

il IRRIGATION 

TERRACES 
ANO 

. 1 DIVERSIONS 

GRASSED 
-ATHRWAYS 

•Srt • :-'CH01MG,?E5C3 SLJWL-
5L,.-SL; :iONDING.SOIL 3LCW1 NG , .= 5RCS SLDWL" 

iiL.t: • 'QSUlnU.r^n-iLi, sLLWc r 

SL.FSL; PONDING,SOIL BLOWING,PERCS SLOWLT 

-ciNtSi 

-.i^^::iiL • . K T — v ' z ' i T ' . r v - • • 



IN0026 S O I L I N T E R P R E T A T I O N S R E C O R D 

MLRA(S): 9 8 , 1 1 1 , 114 , 115 SLEETH SERIES 
REV. LBO,, 5-85 
AERIC OCHRAOUALFS, FINE-LOAMY, MIXED, MESIC 

THE SLEETH SERIES CONSISTS OF DEEP, SOMEWHAT POORLY ORAINEO SOILS FORMED IN (JUTUASH SEDIMENTS ON UPLANDS. THE SURFACE 
.AYER IS DARK GRAYISH BROUN LOAM 3 INCHES THICK. THE SUBSURFACE LAYER IS GRAYISH BROUN .MOTTLED'LOAM 3 INCHES THICK. THE 
SUBSOIL IS BROUN, GRAYISH BROUN ANO DARK GRAY MOTTLED CUY LOAM IN UPPER 21 INCHES ANO DARK GRAY ANO GRAYISH BROUN 
MOTTLED GRAVELLY C U Y LOAM IN LOUER 16 INCHES. THE SUBSTRATUM IS GRAYISH BROUN GRAVELLY SANO ANO SANO. SLOPES ARE 0 TO 2 
PERCENT. MOST AREAS ARE USED FOR CROPLAND 

oETmr 
(IN.) 

bSUHA bU SOIL PHUPbHllb!> 
PERCENT OF HAIERIAL Lb!>S 

THAN 3 " PASSING SIEVE NO. 

U O O T O " 
LIMIT 

PUS-
TICITY 
INDEX 

- IFTT 
0-11 

11-32 
32-48 
48-60 

USOA TEXTURE UNIFIED AASHTO 
TRXCT 
>3 IN 
i P C T l 

• 7 0 0 -
. -TO- . 
'VO- IUO ' 

•gp-

75-V5' 
J2S2L 
5U-83 
30-40 
45-75 
50-70 

2-10 

'20-35' 
20-30 
30-40 
30-40 

L, SIL 
SL 
CL, S ICL , SCL 
GR-CL. GR-SCL, 
SR-S-GR-S 

GR-L 

UL, HL, CL-HL 
SM, SC, SH-SC 

CL 
SP, GP, SP-SM, GP-GN 

A-4, A-4 
A - 2 - 4 , A -4 
A - 4 
A - 4 
A - 1 

ir 
0 
0 

0-3 
1-5 

90-100 85-100 40-70 
85-95 85-95 80-90 
45-95 40-85 55-70 
30-70 22-55 7-20 

J-15 
3-10 

15-25 
15-25 

NP 

CEPTTT 
( I N . ) 

CLAT 
(PCT) 

HOIST BULK 
DENSITY 
CG/CM3) 

T r j t i - i : t 5 
1.30-1.45 
1.45-1.60 
1.40-1.40 
1.40-1.30 

ORGANIC 
MATTER 

e O R R O S H i l T T — 

SIEbL ICUNCRFF? 
T T T T 

0-11 
11-32 
32-48 
48-60 

TTTZ 
10-20 
20-35 
20-35 

2-5 

PERHEA-
BILJTY 

0.6-2.0 
0.6-2.0 
0.6-2.0 

>20 

AVAIUBLE 
UATER CAPACITY 

(IN/IN) 

SOIL 
REACTION 

SALINII'T 
(MMHOS/CM} 

SHRINt-
SUELL 

POTENTIAL 

EROSIOH 
FACTORS 
I L l 

ERGO. 
GROUP 

r r r 
.5-3 

U . iU -U . i * 
0.13-0.15 
0.15-0.19 
0.14-0.16 
0.02-0.04 

6 . 6 - / : J 
6.6-7 .3 
5.6-6.5 
6 .6 -3 .4 
7.9-8.4 

LOU 
MODERATE 
MODERATE 

LOU 

HIGH LOU 

PLOODING HIGH WATER T W f f TEm TEO'PAH ' 
HARDNbSS 

HDRDcr: SUBSIPbNCb ITTHT 
I N I 1 . 1 IU IAL GRP 
( I N ) ( I N ) 

POTENT'L 
FROST 
ACTION ^HbUUbNCT 

.gUNE 
UUHAIlUH 'wirmy 

UbHIH 

sir, i.'j-].u 
TTHU" 

A f f A H t m ' 

HOHTHS 

JAN-APR 

U t f \ H 
( IN) 

DbPIH 
( IH) 

-isr 
HAHUNbSS 

TTTTT' 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEWAGE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DA ILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
SBVERE-UETNESS ^ . , - . . . , 

• SEVERE-SEEPAGE,UrrHESS- - - - - -

BUILDING SITE DEVELOPMENT 

SHALLOU 
EXCAVATIONS 

DWELLINGS 
WITHOUT 
BASEMENTS 

SbVbKb-L'UlliANKS CAVE,UETHESS 

SbVtKE-WEINESS 

StVbKE-UEINESS 
•DWELLINGS 

WITH 
3ASEM6NTS 

1 1 1 ifeVtKt-WfclNtiS 
SMALL 

rOMMERCIAL . 
3UILD1NGS 1 

.OCAL 
ROADS ANO 
STREETS 

•.AUNS, 
LANOSCAPING 
AND GOLF 
-AIRWAYS 

StVbRb-LUU SlRbNGIH,l-RDST ACTION , 

''aOERAIE-UEIHESS 

ROAOFILL 

SANO 

GRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
FAIR-UfelNESS 

PROUAULb 

PROSABCE " 

POOR-AREA 5ECLA1H 

WATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
DIKES ANO 

LEVEES 

EXCAVATED 
PONOS 

IAQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
ANO 

DIVERSIONS 

GRASSED 
•WATERWAYS 

1 

SbVbHb-Sbb^AGb 

SEVERE-UETNESS 

^CVtKb-tUIHANKS LAVt 

FROSI ACTION 

•.,5;L: -EINESS 
SL: WETNESS,SOIL BLOWING 

L.SlL: JtiNtbS 

SL: WETNESS.SOIL BLOWING 

.biNtSS 

'•lb^.,.!:NAL IMISPPPblAI . Z f t T 



MI0005 S O I L I N T E R P R E T A T I O N S R E C O R D SPINKS SERIES 

MLRA(S): 958. 97, 98, 99, 111 
REV LU8 8-89 ' * ' 
PSAMMENTic HAPLUOALFS, SANOY, MIXED, MESIC 
THE SPINKS SERIES CONSISTS OF UELL DRAINED SOILS FORMED IN GUCIOFLUVIAL DEPOSITS ON MORAINES. TILL PUINS, OUTUASH 
PLAINS ANO BEACH RIDGES. THE SURFACE UYER IS DARK GRAYISH BROUN LOAMY SANO 10 INCHES THICK. THE SUBSURFACE UYER IS 
YELLOUISH BROUN LOAMY SANO 12 INCHES THICK. THE NEXT 43 INCHES IS PALE BROUN SAND UITH LAMELU ANO BANDS OF DARK BROUN 
LOAMY FINE SANO. THE SUBSTRATUM IS YELLOUISH BROUN FINE SANO. SLOPES RANGE FROM 0 TO 40 PERCENT. AREAS ARE USED FOR 
CROPUNO, HAYUND, PASTUREUNO ANO UOOOUNO. 

— - UNUSLAPh AND LL 
ANNUAL AIR 

TEMPERATURE 
FHUSI FREE 

DAYS 
T i U - l / U 

ANNUAL 
PRECIPITATION 

29-3/ 

TWTTTRDPCimFS "" 

^ " j 
DKAINAUI: 

CUSS 
U 

SLUFfc 
(PCT) 

U-4i 

DEPTff 
( I N . ) 

ESTIMATED SOIL PROPERTIES 
FRACT. 
>10 IN 
iPCTi_ 

TWTCTT-
3-10 IN 

PEKCLNI 
THAN 3 

01- HAIbRlAL LbSS 
PASSINC'SIEVE NO 

C D t r 

-mo-
0-10 

10-22 
22-85 
85-99 

USOA TEXTURE UNIFIED AASHTO 

W 
I, I IU ~-go 
lUU'8U-IUU'i5-W 

. TOO" 
"lU-iU 
5-35 
5-35 
10-35 
5-35 

LS, LFS 
S, FS 
LS, S, LFS 
FS, LFS, S 
«, S 

!>N, SM-SC, SP-SM 
SP-SM. SM 
SM, SP-SM, SM-SC 
SM, SP-SM, SM-SC 
SP-SM, SM 

A-2-A, A-l-U 
A-2-*, A-3, A-l-B 
A-2-4 A-3| A-l-B 
A-2-4, A-l-B 
A-2-4, A-3, A-l-B 

95-100 80-100 35-70 
95-100 80-100 35-90 
95-100 80-100 40-90 
95-100 80-100 35-90 

0-10 
0-15 
3-15 
0-10 

DEITTT 
(IN.) 

LIUUIU 
LIMIT 

i r v i 
0-10 

10-22 
22-85 
85-99 

•^725" 
<20 
<25 
<25 
<20 

KU»-
TICITY 
INDEX 
NP-4 
NP-7 
NP-7 
NP-4 

NUISl BULr 
DENSITY 
G/CM3) 
ctTTTTO i.4u-i.yo-

1.40-1.70 
1.40-1.70 
1.40-1.70 
1.40-1.70 

PbUKA-
8ILITY 
(IN/HR} 

AVAIUBLE 
UATER CAPACITY 

(IN/IN 
u:u8-u.iu" 
0.06-0.08 
0.05-0.10 
0.04-0.08 
0.04-0.06 

—smr 
REACTION 

5ALIN1IT 

(MMHOS/CM) 
"snr CEC 

(ME/100G) 

UCU3 

(PCT) 

•otFsor 

.TOTO* 
4.0-20 
2.0-20 
2.0-4.0 
4.0-20 

3 . 1 - ^ . J 
5.1-7.3 
5.6-7.3 
5.4-7.8 
4.4-8.4 

TT 
1-4 
1-4 
0-2 

OEFnr 
( I N . ) 

ORGANIC 
MATTER 

(PCT) 

SHHINK-
SUELL 

POTENTIAL 

EROSION 
FACTORS 

K I I 
EROO. 
GROUP 

UINfl 
EROO. 
INDEX 

CORROSlVlir 

-onrr 
0-10 

10-22 
22-85 
85-99 

2-4 
Tog-
LOU 
LOU 
LOU 
LOU 

FLOODING 

'UUHAI lur 

TSK-
220 

SIbbL iUUNCHhlh 
LUU — L U U ^ 

HIGH UAIbH lAHLb 
HOHTHS 

LbHbHIbU PAIT BEDROCg SUUSIUEHCt Tmr 
GRP 

HUlbNI'L 
FROST 
ACTION l-HbUUtHCT 

NONE 
TRUHIHS 

DEPTH 
(FT 

T T W r DbHIHIHAHUNbSS 
(IN) 

DEPmr 
ViX. sw 

HABONbSS nrrr 
(IH) 

TDTTC 
(IN) 

SANIIAHT f-ACILll lbr' 
U -n i SL1GH1 
8-15X: MOOERATE-SLOPE 
15-X: SEVERE-SLOPE 

CONSTHOCTIUN HAtERIAL 
LUW 

U - l b X : UUUJ-
15-25X: FAIR-SLOPE 
25 -X : POOR-SLOPE 

SEPTIC TANK 
ABSORPTION 

FIELDS 

\ i-fXi SEVtHh-MbbHAGE 
7>X: SEVERE-SEEPAGE,SLOPE 

ROAOFILL 

PHUUAULb 
SEUAGE 
LAGOON 
AREAS 

SANO 

U-I5X: SbVbHb-bbbHAGE.TOD SANOT 
15-»X: SEVERE-SEEPAGE,SLOPE,TOO SANOY 

IHPROBAULb-TOO SANDT 
SANITARY 
UNOFILL 
(TRENCH) 

GRAVEL 

U-I5X; SEVbHb-SbbPACe 
M*X: SEVERE-SEEPAGE,SLOPE 

U-BX LS.Lt -S: l -AIH-IUU !.AHUT 
8-15X LS.LFS: FAIR-SLOPE,TOO SANOY 
1S-»X L S , t F S : POOR-SLOPE 
0-15X S .FS : POOR-TOO SANOY 
15t-X S . f S ; POOR-SLOPE. TOO SANOY 

SANITARY 
UNOFILL 

(AREA) 
TOPSOIL 

U-15Xi HOOB-bbbHAUE.lOO SANOT 
15-^X: POOR-SEEPAGE,too SANDY,SLOPE DAILY 

COVER FOR 
UNOFILL 

BUILDING SITE DEVELOPMENT 
U - l b X ! SbVEHb-CuiUANKS CAVE 

PONO 
RESERVOIR 

AREA 

UATER MANAGEMENT 
U-UXi SkVhHh-SbbHAUL 
34-X: SEVERE-SEEPAGE,SLOPE 

SEVERE-5bbHAGt,PII»INU 
SHALLOU 

EXCAVATIONS 

- - CAVE 
15-X: SEVERE-CUTBANKS CAVE,SLOPE EMBANKMENTS 

OIKES ANO 
LEVEES 

U-BX! SLIGHl 
3-15X: MODERATE-SLOPE 
15-X: SEVERE-SLOPE 

SfcVEKE-HU UAIbH 
DUELLINGS 
UITHOUT 
BASEMENTS 

EXCAVATED 
PONDS 

AQUIFER FED 

DUELLINGS 
UITH 

BASEMENTS 

U-8X! SLIUHI 
8-15X: MOOERATE-SLOPE 
15-̂ X: SEVERE-SLOPE 

UbbP IU UAIbK 

DRAINAGE 

U-4X: SLIGHl 
4-8X: MOOERATE-SLOPE 
8*X: SEVERE-SLOPE 

U-3X: DROUGHTY,^A5I IHIAKb 
3-X: SLOPE,DROUGHTY,FAST INTAKE SMALL 

COMMERCIAL 
BUILDINGS 

IRRIGATION 

U-aX: SLIGHl 
a-15X; MOOERATE-SLOPE 
15-X: SEVERE-SLOPE 

U-BX; lUU'SAHDT.SOIL ULUUIHG 
8-X: SLOPE,TOO SANDY,SOIL SLOUING LOCAL 

ROADS AND 
STREETS 

TERRACES 
ANO 

DIVERSIONS 

UUNS 
LANOSCAPfNG 
ANO GOLF 
FAIRUAYS 

U-BX LS.LF!.:: HUIbHAIb-OHOUUHIT 
8-15X LS.LFS: MODERATE-DROUGHTY,SLOPE 
15-X LS,LFS: SEVERE-SLOPE 
0-15X S.FS: SEVERE-OROUGHTY 
15-X S.FS: SEVERE-OROUGHTY.SLOPE 

(J-8X: CHOUGH IT 
8-X: SLOPE,DROUGHTY GRASSED 

UATERUAYS 

file:///i-fXi


M1001S S O I L I N T E R P R E T A T I O N S R E C O R O 

MLRA(S): 97, 98, 99, 111 TEASDALE SERIES 
REV. LUB, 7-87 
GLOSSAQUtC HAPLUOALFS, COARSE-LOAMY, SILICEOUS, MESIC 

THE TEASDALE SERIES CONSISTS OF SOMEUHAT POORLY DRAINED SOILS FORMED IN SANOY LOAM GUCIAL TILL ON UPLANDS. THE SURFACE 
LAYER IS DARK BROUN FINE SANOY LOAM 9 INCHES THICK. THE SUBSURFACE UYER IS YELLOUISH BROUN FINE SANOY LOAM 4 INCHES 
THICK. THE NEXT 11 INCHES IS YELLOUISH BROUN FINE SANOY LOAM INTERFINGERED UITH BROUN FINE SANOY LOAM. THE SUBSOIL IS 
DARK BROUN MOTTLED SANOY C U Y LOAM. 31 IHCHES THICX. THE SUBSTRATUM IS YELLOUISH BROUN SANOY LOAM. SLOPES RANGE FROM 0 
TO 4 PERCENT. MOST AREAS ARE USED FOR CROPLANO 

bSllHAIbU SOIL PHUPEHIIhirnO' 
O E P W 
(IN.) 

RJJCT 
>3 IN 
(PCT) 
T ^ 
0-5 
0-15 
0-15 

PEHCENI Ui- HATERIAL LESS 
THAN 3" PASSING SIEVE NO. 

LlOUlO 
LIMIT 

PLA5-
TICITY 
INDEX 

- ITTT 
0-13 

13-55 
55-65 

USDA TEXTURE 

FSL, SL 
L 
SL, FSL, GR-L 
SL, LS, FSL 

UNIFIED AASHTO 
•IU l ' ^ 4 U ^ r 2 U U ' 

'w-IOO'Bb-lUD SO-85 a-hb 
90-100 35-100 70-95 5 0 - ^ 
85-100 70-100 40-80 25-75 
85-100 70-100 35-80 15-55 

<25 
20-30 

<25 

5H, SC, HL, a 
ML, CL, CL-ML 
CL, SC, CL-ML, SM-SC 
SM, SM-SC, SC, ML 

A-4 
A-2-4,A-4,A-Z-4,A-4 
A-2-4 , A-4, A- l -B 

i -a 
2-3 
5-15 

NP-3 

DEJmr 
( I N . ) 

CCTT-
(PCT) 

HUlSr BULK 
DENSITY 

1.25-1.75 
1.55-1.75 
1.40-1.85 

PERHEA-
3ILITY 
(IN/HR) 

tmnr 
EROO. 
GROUP 

ORGANIC 
MATTER 

CORROSlVlTT 

0-13 
13-55 
55-65 

8-15 
10-18 
5-15 

.j-o.u 
0.4-2.0 
0.4-2.0 
2.0-6.0 

AVAlLAULb 
UATER CAPACITY 

(IN/IN) 

0.14-0.18 
0.11-0.17 
0.08-0.15 

SOIL 
REACTION 

(PH) 

SALIHITT' 
(MMHOS/CM) 

SHRINK-
SUELL 

POTENTIAL 
TOO" 
LOU 
LOU 
LOU 

EROSlOlf 
FACTORS 

2-3 

STbbL ICUNCRbib 
HCPERATE TICDERAT5 5 . I - S . 3 

5.1-4.5 
4 .5 -7 .3 
4 .4 -8 .4 

724 
.32 
.24 
.24 

I-LUDDIH6 

l-HbUUbNi:T 
HONE 

UUHAIlUH JHUHIHS 

HIGH UATER TABTT 
UEPIH I (INU—fTWHTUr 

sm. i:U-2.JlAPPAREirr NOV-HAT 

rem OEimr 
TEO PAN 
HAHONbSS UbPTH" 

( IH) 

BEDROCT 
i m a s s s s 

SUBSIPbNCE 
I N I L I I U I A L 
( IN) ( IN) 

Tmr 
GRP 

POIENI'L 
FROST 
ACTION 

"T~"~T tCTr 

SEPTIC TANK 
ABSORPTION 

FIELDS 

SEUAGE 
LAGOON 
AREAS 

SANITARY 
LANDFILL 
(TRENCH) 

SANITARY 
LANDFILL 
(AREA) 

DAILY 
COVER FOR 
LANDFILL 

SANITARY FACILITIES 
SEVERE-UETNESS 

BUILDING SITE DEVELOPMENT 

SHALLOU 
EXCAVATIONS 

DUELLINGS 
WITHOUT 
BASEMENTS 

DWELLINGS 
WITH 

BASEMENTS 

SMALL 
COMMERCIAL 
BUILDINGS 

LOCAL 
ROAOS AND 
STREETS 

LANOSCAPlNG 
ANO GOLF 
FAIRWAYS 

9bVERb-CUIBANKS CAVE,UETNESS 

acvexB-weiNeaai 

atVERfe-wtiNESS 

.'MJERArE-UETNETIS ' 

^ECreWAL :HTERPRETJ5TT0H5 

ROAOFILL 

SANO 

CRAVEL 

TOPSOIL 

CONSTRUCTION MATERIAL 
l-AIK-WfeiNfcSS 

1 

WATER MANAGEMENT 

PONO 
RESERVOIR 

AREA 

EMBANKMENTS 
OIKES ANO 

LEVEES 

EXCAVATED 
PONDS 

AQUIFER FED 

DRAINAGE 

IRRIGATION 

TERRACES 
AND 

DIVERSIONS 

GRASSED 
WATERUAYS 

SbVhHb-ibbHAGb 

SEVERE-UETNESS 

i 

. 

3-X: FROST ACT ION,SLOPE 

•J-i5 I : •JE'MESS 
3-X L: SLOPS,WETNESS 
Q-3X FSL,SL; WETNESS.SOIL BLOWING 
3-X FSL.SL; SLOPE,WETNESS,SOIL BLOWING 
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1.0 Executive Summary 

Fred C. Hart Associates, Inc. (HART) performed a comprehensive assess

ment of the McGraw-Edison site in Albion, Michigan on behalf of Cooper 

Industries and In accordance with the Stipulation and Order Regarding 

Hydrogeologic Study and Soil Contamination entered on June 14. 1985 with 

the state of Michigan. The conclusions of the assessment demonstrate that 

an effective remediation 1s possible. The conclusions are summarized as 

follows: 

1. The hydrogeologic study has defined the vertical and horizontal 

extent of groundwater contamination and defined the direction and 

rate of movement of the groundwater in the upper and lower aqui

fers. Figure 9 represents this information for the lower aquifer 

and Figure 10 for the upper aquifer. 

2. Groundwater modeling and field observations showed the existing 

plant fire well can be pumped at a rate of 2,000 gallons per 

minute to remediate all contaminated groundwater in the deep 

aquifer, even when the Clark Street well is pumping at its 

current rate of 1,100 gallons per minute. 

3. Field measurements showed that an upgraded shallow aquifer 

groundwater extraction system must be designed and Installed to 

capture contaminated groundwater In the shallow aquifer. The 

analysis Indicates that a properly designed and installed system 

can capture the bulk of the TCE contamination in the shallow 

aquifer. 

4. Our analysis indicates that any contamination left over in the 

shallow aquifer (i.e. not captured by the shallow aquifer extrac

tion system) will flow to the deep aquifer. As described in (2) 

above, our analysis shows that the deep aquifer extraction system 

as presently designed and operated will capture all of the con

tamination In the deep aquifer system. Therefore any contami

nation now in the deep aquifer system and/or remaining in the 

shallow aquifer system will be captured by the presently designed 

and operated deep aquifer system. 
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2.0 Introduction 

Fred C. Hart Associates, Inc. (HART) completed a hydrogeologic assess

ment of the McGraw-Edison site in Albion, Michigan, which defined the 

vertical and horizontal extent of groundwater contamination and defined 

the direction and rate of movement of the groundwater in the upper and 

lower aquifers. The effectiveness of the current aquifer remediation 

systems at the site were evaluated. It was demonstrated that effective 

groundwater remediation was possible at the site. Three-Dimensional 

groundwater modeling and field observations showed that the fire well, 

pumping at its current rate of 2,000 gallons per minute was adequate to 

remediate deep aquifer groundwater contamination, even with the Clark 

Street well pumping at its current rate of 1,100 gallons per minute. 

Field measurements showed that an upgraded shallow aquifer extraction 

system must be designed and Installed to capture contaminated groundwater 

in the shallow aquifer. 25 specially designed HART wells were determined 

to be appropriate for quarterly sampling In a long term groundwater 

monitoring program to monitor the progress of aquifer remediation. 

Volume I presented a statement of the geology, hydrogeology. and 

extent of contamination at the site. This report is Volume II of the 

hydrogeologic assessment, and contains data and calculations not available 

at the time the Volume I report was submitted. This report presents the 

procedures utilized and the conclusions reached regarding the effective

ness of groundwater remediation systems at the site. The evaluation of 

the deep aquifer remediation system required the use of complex computer 

groundwater models. The evaluation of the effectiveness of the shallow 

aquifer remediation system was accomplished by field measurements and 

calculations. Data and calculations are presented in Appendices. 

Previous Activities 

A large volume of data has been generated regarding the hydrogeology 

of the site. Prior to HART's involvement, several other investigators 

conducted studies at the site. The HART study was a comprehensive assess

ment of the vertical and lateral extent of contamination in soils and 
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groundwater at the site and the movement of contaminants in and between 

aquifers. Volume I (HART, 1986) presented a discussion of the results of 

previous Investigations, detailed the methodologies and results of HART's 

activities, and provided the basis for evaluating the effectiveness of the 

current groundwater remediation systems. One further Important result of 

the HART work was wells, properly located and constructed with MDNR appro

val, for use in long-term monitoring of groundwater. 

Dr. George F. Pinder and Dr. D.K. Babu of Princeton University con

ducted a review of site hydrogeologic data and utilized a computer model 

to show groundwater flow and predict the effects of remedial pumping at 

the site. The model chosen was a three dimensional finite element flow 

and solute transport model developed at Princeton University. The model 

was reasonably successful but the results of the model were unacceptable 

to the MDNR for several reasons. The MDNR contended that many wells were 

improperly constructed, providing potentially erroneous hydrologic data 

for input to the model. The MDNR also contended that the well locations 

were clustered in certain areas, not allowing adequate delineation of the 

extent and magnitude of the contaminant plume. These concerns, primarily 

expressed by hffiNR, were properly addressed by HART In this investigation 

by having MDNR approve all work plans for monitoring well location, in

stallation, sampling and analysis prior to the work being carried out. In 

addition, MDNR personnel made frequent inspections of the field work to 

ensure Its conforoance with the approved work plans. 

The Modeling Process 

Groundwater models are used to represent simplified versions of 

groundwater flow and contaminant transport systems. Models are based on 

field data, and, once calibrated, can be used to predict values of unknown 

variables. Mathematical models consist of a set of differential equations 

which are known to govern the flow of groundwater (Wang and Anderson, 

1982). 

(0022n) 
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Two types of mathematical models were considered for this site, the 

finite element model and the finite difference model. Each model has 

advantages and disadvantages. The finite element model, chosen by Pinder 

and Babu, has the advantage of providing solutions to solute transport 

problems. The disadvantage Is that currently, finite element models can 

only be used on large mainframe computers. Conversely, finite difference 

models have recently been converted for use on microcomputers, and are 

therefore, faster and easier to use. Finite difference models, however, 

do not lend themselves to solute transport problems. After reviewing the 

Pinder modeling work, it was determined that finite element models could 

not provide reliable solute transport solutions at low part per billion 

concentration levels for the McGraw Edison Site. After discussion with 

David A. Hamilton, P.E., a groundwater modeler with the MDNR, it was 

decided that the finite difference model could provide the same solutions 

to groundwater flow as the finite element model, and that solute transport 

estimates were not critical. 

The model chosen was the Modular Three-Dimensional Finite-Difference 

Groundwater Flow Model by Michael A. McDonald and Arlen Harbaugh (USGS, 

1984). The McDonald-Harbaugh Model was chosen because It Is perhaps the 

most widely-used flow model, has the best documentation, and has a proven 

record at sites such as McGraw Edison. The Microcode Version (Microcode, 

1985) was chosen for its compatibility with HART's IBM equipment. HART's 

hardware consists of a 640K IBM-AT personal Computer with 30 megabyte Hard 

Drive and two disk drives, with an 8087 Math Coprocessor. Maps were 

plotted on an HP-7475 6 pen plotter and a Houston Instruments DMP-52 

plotter using the Geoplot program (GEOPLOT, 1986). 

After the model was chosen, all data collected by the various investi

gators was plotted on maps showing thicknesses, hydraulic conductivities, 

water levels and other information from each aquifer. An appropriate grid 

was set up, and data arrays for each parameter were assembled. The model 

was then calibrated to known site conditions. At that point, several 

pumping schemes were tested to determine the effects of pumping in the 

aquifer and then compared to actual pumping results. 
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Structure of the Report 

This report details HART's efforts to model the effectiveness of the 

current deep and shallow aquifer remediation systems. Chapter 2 discusses 

model set up including the definition of the grid, boundary conditions, 

the multiple layer system, and site hydrologic parameters. Chapter 3 

reports the process of calibration of the model and the predicted effects 

of pumping produced by the model. 

It was determined In the course of modeling that the scale of the 

model was too large to evaluate the effectiveness of the shallow aquifer 

remediation system. For this reason, different methodologies were used, 

and these are reported separately in Chapter 4 of this report. 

Chapter 5 presents conclusions with regard to the effectiveness of the 

current deep and shallow aquifer remediation systems, and recommendations 

for appropriate aquifer remediation systems and long term groundwater 

monitoring systems for the site. 

All data Input to the model are presented In Appendices, including 

data files after steady state and transient calibration and data for 

simulation scenarios. Appendices also Include all field data and data 

Interpretation for aquifer pump testing activities. 
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3.0 Model Set Up 

Chapter 2 of this report presents a discussion of the various tasks 

which were required to properly set up the model to simulate the McGraw-

Edison site. First, a grid comprised of 1,505 cells was developed and 

boundary conditions defined. The hydrogeologic system at the site was 

then examined to Identify the various geologic layers of Importance and 

their hydrologic characteristics. Once the layers were characterized, the 

various hydrogeologic parameters were defined. Data maps were constructed 

for each parameter and the data was entered Into the computer. 

Establishing the Grid 

Field results of previous investigations and results of previous 

reports were examined to determine the existence of physiographic or 

geologic boundaries which could act as limits to groundwater flow in the 

model. Data was also checked to determine the areal extent of any expect

ed changes In groundwater flow due to different pumping scenarios. After 

reviewing the report on the results of Pinder's and Babu's modeling ef

forts (FTCH, 1984), MDNR expressed concern that the finite element grid 

used in that model did not extend far enough to the east, as evidenced by 

the skewed flow lines in the potentiometric surface map for fire well 

pumping In the deep aquifer presented in the FTCH report. After discus

sions with HONR, It was agreed to extend grid coverage to ttie east. 

Coverage was approved by the MDNR prior to the development of the data 

arrays. 

Next, the concentration of data points was examined by mapping all 

boreholes or wells Installed by investigators at the McGraw Edison Site. 

The data concentration at the center of the grid. In the area of the fire 

well, appeared to be such that an 80 foot grid spacing would produce cells 

with the proper coverage In that area. A second zone which surrounded the 

center of investigatory activity indicated that a 240 foot grid spacing 

would be adequate. A third zone, lying generally beyond the investigated 

areas was still necessary to include in the model. A 400 foot grid spac

ing was adequate in that area. Because the relatively large differences 
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between the various grid spaclngs could adversely affect the mathematical 

calculations, several rows of blocks with intermediate spaclngs were added 

between the 80 and 240 foot spaclngs and the 240 and 400 foot spaclngs. 

The final grid was then superimposed on a base map of the area using the 

HART Texas Instruments Computer-aided Drafting (CAD) system. The grid and 

base map are shown In Figure 1. 

Defining Boundarv Conditions 

Two layers were identified for Incorporation In the model. Layer 1 

consists of the shallow aquifer unit. Layer 2 consists of the deep aqui

fer unit. The confining unit that separates the two aquifers, although it 

could be considered a separate layer, was treated as a separate unit by 

setting up an array called Vcont (vertical conductivity), a technique 

which will be discussed later In this chapter. All boundaries were de

fined as the edges of the grid, except where the grid was truncated by the 

river. In which case the river became the boundary. For both layers, all 

border boundary conditions were defined as constant head because recharge/ 

discharge relationships were known and are not likely to change signifi

cantly over time. Cells In the center of the grid were defined as vari

able head, because they vary with time. All cells on the opposite side of 

the river were defined as inactive cells. Figure 2 shows the boundary 

conditions assigned to the model. 

Defining Multiple Lavers 

Layer 1 Is defined as the upper aquifer unit. Layer 2 is defined as 

the deep aquifer. The presence of the low conductivity confining unit 

between the layers was also Included in the model. In this case, the 

representation of this unit as a low conductivity layer, however, can be 

accomplished without formal assignment as a model layer. This was done 

using the Vcont array. This procedure avoids the difficulties of assign

ing heads to the confining layer cells. 
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Each layer in the model received a "layer-type code" which describes 

the hydrologic condition of the layer. Each layer-type requires different 

! equations and data sets to run the model, so it was important to define 

the proper layer-type in order to assemble the necessary data sheets. The 

, upper aquifer. Model Layer 1, was assigned to Layer-Type Code 1, denoting 

i that this layer is strictly unconfined. The Deep Aquifer, Model Layer 2, 

was assigned layer-type code 3, denoting that this layer is fully con-

I vertlble between confined and unconfined conditions. Because of the 

presence of the confining layer In some areas and "windows" in other areas 

i across the site, the use of the Layer-type 3 code was critical since it 

limits vertical leakage from the aquifer above at unconfined cells. 

Following the layer-type assignments, data arrays were identified and 

filled. 

Setting U P the Arravs 

In order to run the model, complete data sets were entered in the form 

of two dimensional data arrays. Every data set required the creation of 

an array referenced to the grid. The grid was entered' by specifying two 

one-dimensional arrays: DELC which specifies column space and DELR which 

specifies row spacing. All other arrays were two dimensional arrays which 

were automatically referenced to the grid. Arrays utilized for initial 

head and boundary conditions can be found In Appendix I. Other Initial 

conditions are printed In the first part of the steady state calibration 

run (Appendix 2) and the transient calibration run (Appendix 3). 

Next, boundary conditions were entered as data sets, one array for 

Layer 1 and one array for Layer 2, followed by strati graphic information, 

which was also defined as a set of arrays. First, Information was gath

ered from all previous reports regarding site geology and hydrogeology and 

carefully plotted out on a series of maps. One map showed the top of the 

confining unit, or the bottom of the shallow aquifer. Another map showed 

the bottom of the confining layer. It was necessary that confining layer 

thickness Included zones from the top of the clay-silt unit to the bottom 

of the clay-silt unit. For many cases, this Included sand lenses in 

between. Although the next unit is generally bedrock, a small amount of 

overlying high permeability drift material in several remote locations 
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had to be Included, as well. Another array was used to set the bottom of 

the deep aquifer unit. These three arrays defined the locations of stra

ti graphic changes in geology and were used by the computer to construct 

the two layers for the model. 

Next, Initial head (water level elevations relative to mean sea level) 

measurements were entered into two arrays representing water levels in the 

shallow and deep aquifers, respectively. Likewise, the hydraulic conduc

tivity estimates were entered into two arrays representing the shallow and 

deep aquifer. Conductivities of the upper aquifer were obtained from lab

oratory permeability measurements. Conductivities for deeper zones were 

calculated from pump test results. 

An array was created for Vcont to represent the low conductivity unit 

not treated as a layer by the model. Vcont was calculated by taking the 

hydrologic conductivity and dividing by the thickness of the clay. To 

distinguish between the presence and absence of clay windows, Vconts were 

entered that were the same for the aquifer above, along with a one-foot 

clay thickness where the clay was absent. Some low permeability zones 

Included sand lenses. To consider this problem, Vconts were adjusted for 

sand thicknesses and permeabilities. The use of Vcont avoided the diffi

culties of assigning heads to the confining layer. 

All matrix arrays defining the geology (top of clay, bottom of clay), 

hydrogeology (upper aquifer head and conductivity, lower aquifer head and 

conductivity) and Vcont were assembled from approximately 150 data points. 

Data for all other points was interpolated on maps by hand contouring each 

limited data set and constructing data files. It was this interpolation 

which was generally adjusted during calibration stages of the model. 

Before final assembly of the data sets, all units were converted to feet 

and days. All geology and head measurements were entered In elevations 

relative to mean sea level. 

Anisotropic conditions, where the hydraulic properties such as con

ductivity of an aquifer vary according to the direction of flow, were 

analyzed for the shallow and deep aquifer systems. Based on this 
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analysis. It was determined that insufficient data existed regarding 

anisotropy. After consultation with MDNR (Hamilton, 1986b), this factor 

was omitted from consideration In the model. 

Once all the arrays were properly set up, the model was calibrated for 
steady state conditions. 
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4.0 Calibration and Use of the Model 

Once the hydrogeologic regime was understood and all necessary data 

arrays had been filled, the model was run to see how well It would predict 

natural flow conditions at the site. The output was compared with actual 

observed field measurements for steady state conditions to see if the 

computer could model the aquifer flows at the site. 

Stronglv Implicit Procedure 

The Strongly Implicit Procedure (SIP) is a method for iteratively 

solving a large system of linear equations. Since this is a mathematical 

model, the model must first be made to solve the mathematics given the 

data arrays that have been set up for the site before actual calibration 

of the hydrogeologic parameters can be performed. 

One equation is written for each cell to express the relationship 

between the head in the cell and the heads in all the surrounding cells. 

This requires that the equations must be solved simultaneously. 

The solution of all the equations consists of the head for each node. 

SIP starts with an estimate of the solution and successively refines it. 

At each iteration, SIP tries to determine how much head should be changed 

from the previous estimate so that the system of equations can be satis

fied. The procedure eventually converges to a solution. 

Iteration parameters are necessary for the procedure to converge, and 

they are calculated during each run. The ratio of the geometric pro

gression of the Iteration parameters Is called the "seed," specified in 

the model as "WSEED." Five Iteration parameters were specified by the 

model for SIP. WSEED was calculated first by the program for these data 

arrays in this model. After indications of an approximate seed from early 

model runs, WSEED was manually specified to manipulate the equation solv

ing process. 

(0022n) 
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If WSEED Is too large, heads which are too small for the best estimate 

are calculated, called undershooting. If WSEED Is too small, heads which 

are too large for the best estimate are calculated, called overshooting. 

Problems of non-convergence were first diagnosed by determining If severe 

overshooting or undershooting occurred. This was done by examining the 

maximum head change for each Iteration. Since the model appeared to be 

consistently overshooting, undershooting was employed first by adjusting 

the acceleration parameters downward. The model did not converge. Over

shooting was rectified by changing the HCLOSE (closure criterion) for SIP 

and manually adjusting the seed. The percent discrepancy allowed for the 

water budget needed to be as small as possible. The volumetric water 

budget is the difference between the amount of water input to the model 

and the calculated amount of water out of the model at the end of each 

stress period. The calculated budget discrepancy was measured to be 1.15t 

at the end of the last iteration of the steady state calibration. The 

budget discrepancy at the end of the last time step in the last stress 

period for the transient calibration was - 0.40X. 

Adjustment of Arrav Data 

Following the convergence of the model, runs were plotted out as 

contour maps. Maps showing final steady state model calculated heads were 

compared to maps showing the Initial head Input data. The computer print

out for the steady state calibration run can be found In Appendix 2. 

Differences in actual and predicted head maps were noted. Data in 

particular areas of the arrays were manipulated in an attempt to calibrate 

the model. Initial input heads were taken from actual field measurements. 

Recharge was estimated at approximately eight Inches per year, and com

pared to existing estimates of recharge data. Existing estimates of 

recharge data were compiled from Albion precipitation data and from Lans

ing evaporation data, the closest location for which evaporation data was 

available. Stratigraphy, for the most part, was also fairly well de

fined. Parameters adjusted during calibration were Vcont, which con

trolled the location of the windows through the confining layer, and the 

hydraulic conductivity, which can be highly variable and probably provides 

the most sensitivity to model results. 
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Input parameters were adjusted In the arrays to match the natural 

steady state conditions measured In the aquifer. Following the transient 

calibrations during steady state and pumping conditions, revised steady 

state calibrations were run to ensure the accuracy of the calibration. 

Figures 3 and 4 show the initial measured heads and the calibrated steady 

state heads for the shallow aquifer, respectively. Figures 5 and 6 show 

the initial measured heads and the calibrated steady state heads for the 

deep aquifer, respectively. The steady state conditions predicted by the 

model were determined to be within acceptable limits for the purpose of 

groundwater modeling at the McGraw-Edison site, so that steady state 

calibration was determined to be complete, and the aquifer systems were 

ready to be studied. 

Simulation of Aouifer Pumping 

Once steady state calibration had been reached, it was necessary to 

perform a transient calibration step. The transient calibration is neces

sary because parameters which control transient flow need to be specified 

and Included In the calculation. Specific yield for both the shallow and 

deep aquifers needed to be specified, along with storage coefficient for 

the deep aquifer. The specific yield was specified for the deep aquifer 

because it has been defined as a layer type 3 condition, indicating that 

the layer Is fully convertible between confined and unconfined conditions. 

Unlike the steady state calibration where one time step per stress period 

was sufficient, IS time steps were necessary for the model to equilibrate 

with these new parameters. The first stress period of any simulation run 

was always a steady state calibration under transient condition. The 

transient calibration run can be found in Appendix 3. The second stress 

period Is the period when extraction well pumping occurs. For this stress 

period, constant groundwater pumping rates for the period were specified. 

Two scenarios were simulated at the site. The first was the fire well 

pumping at 2,000 gpm and the Clark Street well pumping at Its current rate 

of 1,100 gpm. The second was the fire well pumping at 3,000 gpm and the 

Clark Street well pumping at its current rate of 1,100 gpm. 
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-18-

Maps were plotted out for both aquifers at the end of the first stress 

period to observe simulation of the water levels before pumping activi

ties. The computer printout for both of these scenarios can be found in 

Appendix 4. Storage, specific yield and conductivity were adjusted ac

cordingly in subsequent runs to provide accurate model calibration. 

Maps showing simulated groundwater flow for both of the aforementioned 

scenarios were generated from pumping heads (calculated water level ele

vations) at the end of stress period two. These maps are shown as Fig

ure 7 and Figure 8 respectively. Figure 9 is a map showing the observed 

groundwater flow patterns for the current pumping conditions at the site. 

This map was compared with the computer simulated maps. This process was 

repeated until the computer simulated maps adequately matched the pumping 

condition. 

Assessment of the Deep Aouifer 

Comparison of the actual flow map with the computer generated flow map 

indicates that even under the set of conditions with the fire well pumping 

at 2.000 gpm and the Clark Street well pumping at 1,100 gpm, the extent of 

the contaminant plume falls within the reach of the plume capture boundary 

produced by the fire well. Generally, the faster the fire well is pumped, 

the higher gradient is created and the faster aquifer restoration will 

occur. . 

Although the effects of the Clark Street well reach considerably into 

the deep aquifer contaminant plume, the well can be pumped without receiv

ing contamination from the site. In order to do this, the existing 

groundwater divide will be maintained. The presence of this divide can be 

monitored by checking water levels in the existing monitoring wells. 

Given these facts, the optimum pumping rate for the fire well should 

be determined during actual operations by stepping up the pumping rate 

while monitoring interconnected hydrologic features, e.g., wells and 

springs. Field data for the deep aquifer can be found in Appendix 5. 
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5.0 Shallow Aquifer Assessment 

One objective of the HART study was to determine whether the existing 

shallow aquifer recovery system was effective in containing the shallow 

aquifer TCE contaminated plume. Examination of the data shows that the 

lateral coverage of the current shallow aquifer groundwater recovery 

system is not adequate to control the shallow aquifer TCE contaminant 

plume. Questions also remained as to the spacing of the wells and optimal 

pumping rates. This chapter describes the evaluation of the effectiveness 

of the current shallow aquifer remediation system and identifies an effec

tive modified system. 

Assessment of the Current Extraction Svstem 

Prior to the construction of the current shallow aquifer purge well 

system, several pumping tests were conducted in the shallow aquifer to 

determine the aquifer characteristics. EWA of Minneapolis, Minnesota, 

conducted a pump test in March, 1984. The aquifer characteristics deter

mined by the EWA pumping tests were inconclusive due to low pumping rates, 

short test duration, problems associated with snow melt and lack of speci

fic capacity data from the pumping well (FTCH, 1984). 

In order to verify these results, FTC&H conducted a second pumping 

test in August, 1984. The maximum pumping rate of the first test was 

5.83 gpm. The maximum pumping rate of the second test was 4.0 gpm. 

Conclusions of the FTC&H report on shallow aquifer testing Indicated that 

a system of purge wells located in the aquifer was technically feasible, 

although the available yield could be limited (FTC&H. 1984). The optimum 

pumping rate for these purge wells was to be determined following the 

completion of a pumping test of each well. 

FTC&H also noted that a total pumping rate of 23 to 32 gpm was re

quired to contain the shallow aquifer contaminant plume. The extent of 

that contaminant plume was unknown at the time. Additionally, although 

information on the maximum pumping rate for each purge well was collected 

by the well Installation contractor, no attempt was made to confirm that 
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-27-

the plume capture boundaries necessary to contain contamination were 

actually developed by the purge well system. 

In order to check the effectiveness of plume capture by the shallow 

well system, HART conducted a field test. Following the completion of 

well H3S by HART in August, 1985, the shallow well extraction system was 

turned on. Well H3S, approximately 48 feet away from purge well PW-4, 

showed no effect. Since the radius of influence of a well has to reach a 

minimum of 50 feet to affect plume capture when wells are spaced 100 feet 

apart, suspicion was cast on the effectiveness of that system. 

To indicate the effectiveness of the system, pump test data was neces

sary. Since that was not available an equation which indicated the radius 

of influence of a pumping well was used. This equation is shown below and 

discussed: 

Si chart (Powers. 1981) 

RQ -3 (H - h) K 

Where R - radius of influence 

(H - h) - drawdown in the pumping well 

K - hydraulic conductivity 

Reports by Fishbeck provided a drawdown value of 6.25 feet, and a hydrau

lic conductivity val 

tion was 12.77 feet. 

lie conductivity value of 4.64 x 10 cm/sec. The result of this equa-

The results of this equation indicate that the radius of influence 

exerted by each of the purge wells could not extend to intersect adjacent 

purge wells, which was verified by the preliminary observation at well 

H3S. Based on this preliminary information, the shallow aquifer recovery 

system was judged to be Inadequate. 

Shallow Aquifer Extraction Svstem Conceptual Design 

The extent and direction of flow of the contaminant plume in the 

shallow aquifer was reported In Volume I of this study (HART, 1985). The 
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I flow of contaminants downward Is precluded by the presence of a low perme

ability aquiclude unit. Figure 10 shows the extent of the shallow aquifer 

i contaminant plume. With the extent of contamination and the position of 

the confining unit documented, a preliminary layout of a shallow recovery 

I well system was developed amd Is presented in Figure 11. 

I A field test was conducted by HART In April, 1986. A memorandum 

! describing the results of that test is Included In the Appendix. Field 

testing Included the Installation of four piezometers in order to deter

mine the effective drawdown distance of a pumping well in the shallow 

aquifer. Results of the drawdown tests are also included. 

The field results were analyzed and the data applied to standard 

equations in an effort to determine distance drawdown curves. Initially, 

an effort was made to use the Cooper-Jacob method to Interpret the data, 

but because several conditions necessary for proper application were not 

; met, (such as fully penetrating wells and a constant discharge rate), the 

Cooper-Jacob method was determined to be inapplicable and an alternative 

! method was used to determine the effective radius of Influence. 

[ The alternative method was to plot out the drawdown based on the 

i actual field measurements to Impirlcally determine the radius of in

fluence. Effective extraction well systems must overcome natural gra-

I dients and pull contamination In towards the entire extraction well line 

under the influence of a pumping gradient. Figures 12 and 13 are plots of 

the actual measured natural and pumping gradients with interpolation to 

25 feet. Figure 12 shows a cross-section normal to groundwater flow along 

I the line of extraction wells. This figure demonstrates that the drawdown 

at 25 feet away from the pumping well will overcome the natural ground-

, water gradient to the extent of providing capture at any point between 

extraction wells out along the well line with a well spacing of 50 feet. 
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Flgure 13, which shows a cross-section perpendicular to the extraction 

well line. Indicated that the purge well pumped at the optimal pumping 

rate will effectively capture groundwater at a distance up and down-

gradient. At a distance of 25 feet perpendicular to groundwater flow 

(along the pumping line), groundwater will still be flowing toward the 

extraction well. 

This analysis shows that an extraction well spacing of 50 feet and a 

minimum pumping rate of 7 gpm would provide Intersecting cones of influ

ence to overcome natural gradients and Intercept shallow aquifer ground

water contamination. This is shown conceptually In figure 14. The extent 

of the shallow aquifer extraction well system shown on figure 11 requires 

approximately 35 wells to Intercept contamination In the shallow aquifer 

before It leaves the McGraw Edison plant site. Off site contamination In 

the shallow aquifer which lies outside of the shallow aquifer extraction 

well line will be remediated by the deep aquifer extraction system. In 

those off site areas, the clay Is discontinuous, so that an effective 

shallow aquifer recovery system Is not feasible. Contamination concentra

tions 1n the shallow aquifer outside the extraction line are also rela

tively low. Not only would the off site contamination be captured by the 

deep aquifer extraction system, but It can be treated as well, since the 

concentrations are low enough for the air stripper treatment system. 

Additionally, the extraction well line shown In figure 11 covers all 

locations downgradient of the location of contamination at the McGraw 

Edison Plant site, so that all contamination flushed Into the shallow 

aquifer during the proposed enhanced soil flushing will be captured. 
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6.0 Conclusions 

Volume 1 of this report (HART, 1986) provided detailed descriptions of 

site geology, hydrology, and the extent of contamination. This volume 

assesses the effectiveness of the current groundwater remediation systems 

now In use at the site. The assessment of the deep aquifer groundwater 

recovery system was performed with the use of three dimensional ground

water flow modeling. During the course of modeling. It was determined 

that the scale of the model was too large to predict the effects of pump

ing In the shallow aquifer. The shallow aquifer recovery system was, 

therefore, evaluated separately based on actual field measurements. The 

effectiveness of each remediation system Is summarized separately below, 

followed by a brief discussion on long term groundwater monitoring. 

Existing Site Conditions 

The geology at the McGraw Edison Site consists of an upper glacial 

unit and a lower bedrock unit. The shallow glacial sand aquifer Is sepa

rated from the deeper sandstone aquifer by a silty clay confining unit. 

In several remote areas, a few feet of high permeability outwash gravel 

can be found beneath the confining unit. Towards the Kalamazoo River, 

this confining unit disappears. 

Flow in the shallow aquifer under natural conditions Is generally 

toward the Kalamazoo River. Flow In the deep aquifer under natural con

ditions is generally to the Southwest or West, down the river valley. A 

downward gradient exists across the confining unit. In areas where the 

confining unit is absent, shallow aquifer water drops into the lower 

aquifer unit, and heads stabilize due to the unconfined conditions. 

The extent of groundwater contamination In the shallow aquifer was 

documented. As expected, the areas of highest contaminant concentrations 

occurred downgradient of the areas exhibiting high soil contaminant con

centrations. Contaminants flow generally to the South or Southeast. Due 

to the absence of the confining layer to the southeast, some contamination 

moves In that direction and Is drained into the deep aquifer. 
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Contamlnatlon In the deep aquifer under normal conditions would probably 

have flowed to the west or southwest. 

Assessment of the Current Deep Aquifer Remediation Svstem 

The current system for the remediation of the deep aquifer consists of 

a single pumping well on the McGraw - Edison plant [xroperty, called the 

"fire well". The fire well has the advantage of being near the center of 

contamination In the deep aquifer. It is a large capacity well designed 

to supply water at a rate up to 3,000 gpm. This well has been operated 

for a period of time as part of a deep aquifer groundwater extraction 

system. After extraction, the water Is treated by an air stripping unit. 

A 4.3 million gallon per day, 5 parts per billion TCE discharge permit is 

currently in effect for the treated discharge. 

To check the effectiveness of a single well extraction system, a 

three-dimensional finite difference flow model was used. Solute trans

port modeling was not used because of the low reliability of the model at 

low part per billion contaminant concentrations. Previous modeling 

efforts by other investigators produced results which were not acceptable 

to the MDNR for several reasons. Primarily, the extent of contamination 

was not known, and the quality of some hydrogeologic data was questionable. 

After meeting with MDNR, the finite difference grid was established, 

acceptable boundary conditions and site parameters were input to the 

model, and the model was calibrated to conditions at the site. Several 

pumping schemes were developed which considered different extreme pumping 

conditions for the site. Results were checked against field measured 

values. 

The field measurements and the groundwater model yielded similar 

results. It was shown that the furthest extent of the contaminant plume 

could be captured by the single pumping well (the fire well), even under 

the Influence of the pumping Clark Street No. 2 well. The scenario simu

lating existing conditions indicated that the fire well could be pumped at 
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a rate of 2.000 gpm with the Clark Street No. 2 well pumped at 1,100 gpm. 

Another acceptable scenario could be to increase the pumping rate of the 

fire well to 3,000 gpm. However, this may result in other adverse effects 

e.g. drying up springs. 

The concept of a single, centrally located extraction well (the fire 

well) Is acceptable for this site. This well Is capable of capturing the 

extent of the deep aquifer contaminant plume. It was determined by field 

measurements that the radius of Influence from this well reaches out far 

enough to capture any shallow aquifer contamination which is not captured 

by a shallow aquifer remediation system. Although the Clark Street Well 

#2 can be pumped without receiving contamination from the site while the 

fire well is pumping, existing monitoring wells should be tested to insure 

the continued presence of a groundwater divide between the site and the 

Clark Street well. Although the current 2,000 gpm pumping rate for the 

fire well Is adequate to retract contamination, higher rates could provide 

faster remediation. The pumping rate in the fire well should be incre

mentally adjusted over the long term to attain the optimal pumping rate. 

Testing at monitoring wells and springs could be used to field calibrate 

the pumping systems and assure that groundwater divides would be main

tained. 

Assessment of the Shallow Aquifer Remediation Svstem 

The current system for the remediation of the shallow aquifer consists 

of a series of seven four inch extraction wells spaced on 100 foot centers 

near the segment A area. These wells are manifolded to a water main which 

carries contaminated groundwater to a carbon adsorption treatment system 

which is preceeded by a sand prefliter. Currently the system is operating 

at about 40 gpm, but has the capacity to treat up to 100 gpm. 

Earlier In this study, an attempt was made to evaluate the effective

ness of this system. Several pump tests were conducted by previous 

investigators, however, the operation of the system was never checked to 

verify intersecting radii of Influence from pumping wells. Preliminary 
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fleld testing of this system Indicated that a 100 foot spacing is not 

adequate to capture all contamination leaving the Segment A area. Fur

thermore, when the extent of contamination in the shallow aquifer was 

defined, it was discovered to be well beyond the lateral extent of the 

current system. In spite of these difficulties. It has been demonstrated 

that a properly designed shallow aquifer groundwater extraction system, 

when combined within the existing deep aquifer purge and treatment system 

will remediate the shallow aquifer. 

Adequate well spacing is essential for an effective extraction well 

system. The line of wells will be placed near the edge of the confining 

layer where the contamination in the shallow aquifer drops Into the deep 

aquifer. Well spacing was examined with the use of a shallow aquifer 

drawdown and recovery test at Purge Well 4 using four separate piezo

meters. A 25 foot radius of Influence was found to be appropriate for 

this aquifer based on the rate of 7 gpm sustained by Well PW-4. 

Therefore, a 50 foot well spacing will overcome natural gradients and 

create a line of extraction wells that will prohibit the downgradient 

advance of contaalnation from the site. The lateral extent of the shallow 

well extraction system will cover the area of highest groundwater 

contamination, as well as the area directly downgradient of the proposed 

soil flushing areas. This approach will Insure that con- tamination 

mobilized by soil flushing activities would be captured. The shallow 

aquifer extraction system will be protected against inadvertent releases 

of contamination by the deep aquifer extraction system safety net, which 

will also capture and retract existing residual contamination outside of 

the extraction well line. 

Long Term Groundwater Monitoring 

Long term groundwater monitoring will be necessary to monitor for the 

restoration of the aquifer systems at the site, using TCE as the Indicator 

parameter. 
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The HART designed wells are suitable for use in a long-term monitoring 

program. Each well was designed for this purpose with a complete teflon 

sampling Interval, which was accomplished with teflon screen, riser pipe, 

a teflon well Wizard Bladder Pump, Teflon lined discharge lines and a 

VIton packer assembly to seal the unit. This type of bladder pump insures 

that no air comes in contact with the sample, and the Teflon Insures the 

long-term integrity of the samples. 

The entire system of HART wells should be sampled on a quarterly 

basis. Over time, certain wells which consistently show acceptable levels 

of TCE will be removed from the sampling system. All monitoring activi

ties will be reported in the quarterly report. Cessation of both extrac

tion well systems would occur following the determination that each of the 

25 monitoring wells and the treatment system had acceptable TCE concentra

tion Influent levels. Even if the deep aquifer is cleaned before the 

shallow aquifer, the deep well extraction system should not be shut off 

until shallow aquifer contaminant levels are reduced to acceptable levels. 

Treatment Svstems 

Currently, the existing deep aquifer treatment system is permitted, 

operating, and functioning well. Although the current carbon adsorption 

system Is adequate for the treatment of contaminated water from the exist

ing shallow aquifer system, the increased rate at, which, larger shallow 

aquifer systems may operate could require redesign and repermitting of 

this system. Treatment system Influent and effluent monitoring will be 

specified In the remedial design plan for the site. 

Suipary 

The results of Volume I of the hydrogeologic assessment of the 

McGraw-Edison site In Albion, Michigan defined the geology, hydrogeology 

and extent of soils contamination in grondwater at the site. (HART, 

1986). A previous report on the extent of soils contamination has also 

been completed (HART, 1986). This volume of the hydrogeologic assessment 

examined the effectiveness of the existing shallow and deep groundwater 

extraction remediation systems. 
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The existing fire well is adequate for the extraction of the contami

nant plume in the deep aquifer. The fire well also will capture any stray 

contamination not captured by the shallow extraction well system. This 

determination was made through the use of a Three Dimensional Finite 

Difference Groundwater flow model and a field check of the results of 

pumping In the aquifer. 

At a rate of 2,000 gpm and the Clark Street No. 2 well pumping at 

1,100 gpm, the fire well was demonstrated in the field to have an adequate 

plume capture boundary. Operating the fire well at Its maximum rate 

(3,000 gpm) will Increase gradients and speed up aquifer restoration 

somewhat, but could result in adverse Impacts on the aquifer. The exist

ing groundwater divide must be maintained if both wells are to continue 

pumping. Any deep aquifer gradients could be controlled through incre

mental adjustments of pumping well rates, and field checked using water 

levels from existing wells and springs. 

The existing shallow aquifer groundwater extraction remediation system 

is Inadequate to capture the bulk of contaminated groundwater in the 

shallow aquifer at the site. However, any uncollected contamination is 

currently captured by the deep aquifer extraction system. Therefore, the 

deep aquifer extraction system should continue to operate as a key ele

ment of the shallow groundwater remediation plan, extraction system, even 

after the deep aquifer is remediated. Current spacing for the shallow 

aquifer system was demonstrated to be Inadequate by field testing and 

backup calculations. A pump test was performed on purge well #4 with 

specially Installed piezometers to collect Information to determine the 

correct well spaclngs. As a result, it was determined that a 50 foot 

spacing will be needed to insure capture of all contaminated groundwater 

in the shallow aquifer before it can migrate off site. 

The off site shallow aquifer contamination can be remediated with the 

use of the deep aquifer extraction system, since concentrations in those 
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areas approximate those In the deep aquifer. The shallow aquifer system, 

however, will still need to be expanded to cover all areas downgradient of 

any proposed soil flushing activities. 

Long term monitoring of the groundwater flow systems at the site is 

recommended. The 25 specially designed HART wells should be sampled 

quarterly for TCE. Sampling should continue until all wells show accept

able TC:E concentrations. The deep aquifer extraction well system should 

be operated to remediate the deep aquifer as well as serve as a safety net 

for the shallow system until both aquifers have been restored. 
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